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Editorials  and  Commentaries  To  Note 

Optimal  Release  Times  for  Airway  Pressure  Release  Ventilation:  Another  Piece  of 
the  Picture— RD  Cane.  RA  Smith.  Crit  Care  Med  1994;22(3):397-381.  (Pertains  to 

Martin  and  Wetzel  paper  abstracted  on  Page  604.) 

The  Human  Costs  of  Tobacco  Use  (second  of  two  parts) — TD  MacKenzie,  CE 
Bartecchi.  RW  Schrier.  N  Engl  J  Med  1994:330(14):975. 

Failure  of  Tuberculosis  Control:  A  Prescription  for  Change  (editorial) — E  Bellin. 
JAMA  1994:27 1 (9):708-709.  (Pertains  to  Bloch  et  al  paper  abstracted  on  Page  606.) 


Effect  of  Continuous  Rotational 
Therapy  on  Intracranial  Pressure 
in  the  Severely  Brain-Injured 
Patient — JM  Tillett.  A  Marmarou. 
JP  Agnew,  SC  Choi,  JD  Ward.  Crit 
Care  Med  1993;21:I005. 

OBJECTIVE:  To  determine  the  ef- 
fect of  continuous  rotational  therapy 
on  the  dynamics  of  intracranial  pres- 
sure. DESIGN:  A  controlled,  pros- 
pective evaluation  of  intracranial 
pressure  during  continuous  rotation 
therapy.  SETTING:  Neuroscience  in- 
tensive care  unit  in  a  university  hos- 
pital. PATIENTS:  A  total  of  58  se- 
verely brain-injured  patients  (Glas- 
gow Coma  Score  of  <  9)  ranging  in 
age  from  14  to  81  yrs.  INTERVEN- 
TIONS: All  patients  had  intraventric- 
ular catheters  placed  to  continuously 
monitor  intracranial  pressure  and  all 
patients  were  placed  on  continuous 
rotational  therapy  once  stabilized. 
MEASUREMENTS  &  MAIN  RE- 
SULTS: Intracranial  pressure  data 
were  measured  in  each  patient  during 
nonrolation  and  these  data  were  com- 
pared with  intracranial  pressure  data 
during  rotation,  thus  allowing  each 
patient  to  serve  as  his  own  control.  In 
addition,  the  intracranial  pressure 
during  rotation  (40"  from  center)  was 
further  analyzed  to  determine  the  ef- 
fect of  angulation  on  the  intracranial 


pressure.  Analysis  of  computer- 
recorded  intracranial  pressure  data 
showed  no  significant  difference  in 
intracranial  pressure  measured  during 
rotation  and  nonrotation  over  the  first 
5  days  postinjury.  Minimal  differ- 
ences in  intracranial  pressure  (<  1  to 
2  mm  Hg)  were  noted  in  right/cen- 
ter/left positions.  It  was  also  deter- 
mined that  intracranial  pressure  in- 
creased up  to  6.5  mm  Hg  (p  =  0. 12)  in 
patients  who  presented  with  a  unilat- 
eral lesion  on  admission  computed 
tomography  when  they  rotated  to  the 
side  of  the  lesion.  However,  these 
fluctuations  did  not  promote  addi- 
tional intracranial  pressure  manage- 
ment. CONCLUSIONS:  We  con- 
clude that  the  systemic  benefits 
known  to  be  derived  from  the  use  of 
continuous  rotation  therapy  in  the 
severely  head-injured  patient  can  be 
sustained  without  any  deleterious  ef- 
fects on  the  intracranial  pressure. 

Airway  Responsiveness  in  Young 
Black  and  White  Women— CB 

Sherman,  DJ  Tollerud,  L.I  Heffner, 
FE  Speizer,  ST  Weiss.  Am  Rev 
RespirDis  1993:148:98. 

The  prevalence  and  severity  of  asth- 
ma appears  to  he  greater  in  Blacks 
than  in  Whites.  To  determine  if  racial 
dilTercnccs  in  airway  responsiveness 


may  explain  these  findings,  metha- 
choline  challenge  tests  from  62  Black 
and  238  White  women  20  to  35  yr  of 
age  were  evaluated.  Subjects  served 
as  controls  for  a  case-control  study  of 
the  relation  of  airway  responsiveness 
and  preterm  labor.  Standardized 
questionnaires  were  used  to  obtain 
information  on  age,  obstetrical  his- 
tory, education,  income,  cigarette 
smoking,  medication  use,  and  respi- 
ratory illnesses  and  symptoms.  Total 
serum  IgE  was  measured  using  a  ra- 
dioimmunoassay. Methacholine  chal- 
lenge testing  was  performed  on  all 
subjects  6  wk  after  delivery,  and  the 
provocative  dose  causing  a  20%  de- 
crease in  FEVi  (PD20)  was  calculat- 
ed. Black  woinen  in  the  study  had 
more  pregnancies  and  children,  were 
younger,  less  well  educated  and  more 
impoverished,  and  reported  greater 
cigarette  smoking  and  less  medica- 
tion use  than  did  the  White  women. 
Additionally.  Black  women  had  high- 
er geometric  mean  serum  IgE  levels 
(Blacks:  65.4  lU  versus  Whites:  20.0 
lU;  p  <  0.001),  lower  FEV,  (Blacks: 
2.73  ±  0.38  SD  L  versus  Whites:  3.19 
±  0.39  L;  p  <  0.001 ).  and  greater  un- 
adjusted airway  responsiveness  than 
did  White  women  (geometric  mean 
PD21):  Blacks  28.4  /xmol  versus 
Whites  38.8  /xmol;  p  =  0.02).  After 
adjusting  for  selective  demographic 
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New,  for  asltmia... 

SEREVENT:  The  Next  Dimension 
in  Inhaled  Bronchodilator  Therapy 


Consistent  Improvement  in  Lung  Function' 
Maintained  Over  12  Hours '  ^ 


.y  90- 


First  Treatment  Day 


P<0.05 
vs  albuterol 


P<0.05 
vs  albuterol 
I         '        I 


60 -f 


r'    /    /    r'    /    /    /    r'    /    <'    /    /   <' 


^^H     SBREVBNT 

^^M     42ug(n=75) 

Albuterol 
180ijg(n=73) 

llllllllll     ?n%f>'' 
Adapted  from  Pearlman  et  al. ' 

*P<0.05  versus  albuterol  during  tt)e  periods  4  tod  tiours 
after  eacti  of  tt)e  two  doses  of  albuterol. 
P<O.OOI  versus  placebo  ttirougtiout  the  1 2-tiour  period. 

Mean  FEV,  Over  12  Hours  After  the  First 
Dose  of  SEREVENT  (Given  at  Hour  0 
Followed  by  Placebo  at  Hour  6),  Two 
Doses  of  Albuterol  (Given  at  Hour  0  and 
Hour  6),  and  Two  Doses  of  Placebo 
(Given  at  Hour  0  and  Hour  6) 


o   Proven  for  12  weeks, ^ ^ moinfained  over  12  months^ 

O  SEREVENT  is  indicated  for  prevention  and  mointenonce 
treatment  of  asttima  (inciuding  nocturnai  asttima)  in 
patients  12  years  of  age  and  aider  vv/io  require  reguiar 
treatment  v^itti  inhiaied,  short-acting  B2-agonists. 


o   Con  venien  t  twice-daiiy '  dosing. 

Outstanding  side  effect  profiie  comparabie  to  aibuteroi. 

o   Ttie  most  common  drug-related  adverse  events 
reported  in  ciinicai  triais  were  tieadactie  (10%),  tremor 
(3%),  and  cougt)  (3%).' 


=  ^     New,  Twice-Daily 


f Dosing  sinould  be  two  puffs 
(42  ijg)  of  SEREVENT 
Int^alafion  Aerosol,  twice 
daily,  morning  and  evening, 
approximately  12  hours 
apart,  for  ftie  maintenance 
treatment  of  astiima. 
SEREVENT  shiouid  not  be 
used  for  ttie  treatment  of 
acute  exacerbations. 


Please  consult  Brief  SummarY  of  Prescribing  Information 
on  the  following  pages. 


Seie\^nf 

(solmeterol  xinafoate) 

Inhalotion  Aerosol 

Morning  and  Evening  Inhalation 
for  Active  Days  and  Restful  Nights 


SEREVENT 
1             60-Dose  Institutional  Package 

NDC  0173-0467-00 

SEREVENT 
1              120-Dose  Trade  Package 

NDC  0173-0464-00 

Serevent® 

(salmeterol  xinafoate) 
Inhalation  Aerosol 


BRIEF  SUMMARY 


Bronchodilator  Aerosol 
For  Oral  Inhalation  Only 

The  following  is  a  brief  summary  only  Before  prescribing,  see  complete  prescribing  information  In 

Serevenr^  Inhalation  Aerosol  product  labeling. 

CONTRAINDICATIONS:  Serevent"  Infialation  Aerosol  is  contraindicated  in  patients  with  a  fiistory  of 
fiypersensitivity  to  any  of  the  components. 

WARNINGS:  1 .  Not  tor  Use  to  Treat  Acute  Symptoms;  Watcti  for  Increased  Need  for  Stiort-Acting 
Beta?- Agonists:  Serevent"  Infialation  Aerosol  should  not  be  used  to  relieve  acute  asttima  symptoms.  If  the 
patient's  short-acting,  inhaled  beta:>-agonist  becomes  less  effective,  eg  ,  the  patient  needs  more 
inhalations  than  usual,  medical  evaluation  must  be  obtained  immediately  and  increasing  use  of  Serevent 
Inhalation  Aerosol  m  this  situation  is  inappropnate,  Serevent  Inhalation  Aerosol  should  not  be  used  more 
frequently  than  twice  daily  (moming  and  evening}  at  the  recommended  dose.  When  prescribing  Serevent 
Inhalation  Aerosol,  patients  must  be  provided  with  a  shorl-acttng,  inhaled  betao-agonist  (eg  ,  albuterol)  for 
treatment  of  symptoms  that  occur  despite  regular  twice-daily  (moming  and  evening)  use  of  Serevent. 

Asthma  may  deteriorate  acutely  over  a  period  of  hours  or  chronically  over  several  days.  In  this  setting, 
Increased  use  of  inhaled,  short-acting  beta^-agonists  is  a  marker  of  destabilization  of  asthma  and  requires 
re-evaluation  of  the  patient  and  consideration  of  alternative  treatment  regimens,  especially  inhaled  or 
systemic  corticosteroids  If  the  patient  uses  four  or  more  inhalations  per  day  of  a  short-acting  beta^- 
agonist  on  a  regular  basis,  or  if  more  than  one  canister  (200  inhalations  per  canister)  is  used  in  an  8-week 
period,  then  the  patient  should  see  the  physician  for  re-evaluation  of  treatment 

2  Use  With  Short-Acting  Beta  2- Agonists.  When  patients  begin  treatment  with  Serevent  Inhalation 
Aerosol,  those  who  have  been  taking  short-acting,  inhaled  beta?-agonists  on  a  regular  daily  basis  should 
be  advised  to  discontinue  their  regular  daily-dosing  regimen  and  should  be  clearly  instructed  to  use  short- 
acting,  inhaled  beta^-agonists  only  tor  symptomatic  relief  if  they  develop  asthma  symptoms  while  taking 
Serevent  Inhalation  Aerosol  (see  PRECAUTIONS  Drug  Interactions). 

3.  Serevent  Inhalation  Aerosol  is  Not  a  Substitute  (or  Oral  or  Inhaled  Corticosteroids.  Patients  must  be 
warned  not  to  stop  or  reduce  corticosteroid  therapy  without  medical  advice,  even  if  they  feel  better  when 
they  are  being  treated  with  Serevent. 

4  Do  Not  Exceed  Recommended  Dose:  As  with  other  beta-adrenergic  aerosols,  Serevent  Inhalation 
Aerosol  should  not  be  used  in  excess.  Fatalities  have  been  reporled  in  association  with  excessive  use  of 
inhaled  sympathomimetic  drugs  Large  doses  of  inhaled  or  oral  salmeterol  (12  to  20  times  the 
recommended  dose)  have  been  associated  with  clinically  significant  prolongation  of  the  QT^  interval, 
which  has  the  potential  for  producing  ventricular  arrhythmias. 

5.  Paradoxical  Bronchospasm  As  with  other  inhaled  asthma  medications,  paradoxical  bronchospasm 
(which  can  be  life-threatening)  tias  been  reported  following  the  use  of  Serevent  Inhalation  Aerosol.  If  it 
occurs,  treatment  with  Serevent  Inhalation  Aerosol  should  be  discontinued  immediately  and  alternative 
therapy  instituted 

6  Immediate  Hypersensitivity  Reactions:  Immediate  hypersensitivity  reactions  may  occur  after 
administration  of  Serevent  Inhalation  Aerosol,  as  demonstrated  by  rare  cases  of  urlicana,  rash,  and 
bronchospasm 

PRECAUTIONS: 

General:  1 .  Use  with  Spacer  or  Other  Devices:  The  safety  and  effectiveness  of  Serevent*"'  Inhalation 

Aerosol  when  used  with  a  spacer  or  other  devices  have  not  been  adequately  studied. 

2  Cardiovascular  and  Other  Effects  No  effect  on  the  cardiovascular  system  is  usually  seen  after  the 
administration  of  inhaled  salmeterol  m  recommended  doses,  but  the  cardiovascular  and  central  nervous 
system  effects  seen  with  all  sympathomimetic  drugs  (e.g.,  increased  blood  pressure,  heart  rate, 
excitement)  can  occur  after  use  of  Serevent  Inhalation  Aerosol  and  may  require  discontinuation  of  the 
drug  Salmeterol,  like  all  sympathomimetic  amines,  should  be  used  with  caution  in  patients  with 
cardiovascular  disorders,  especially  coronary  insufficiency,  cardiac  arrhythmias,  and  hypertension;  in 
patients  with  convulsive  disorders  or  thyrotoxicosis;  and  in  patients  who  are  unusually  responsive  to  sym- 
pathomimetic amines 

As  has  been  described  with  other  beta-adrenergic  agonist  bronchodilators,  clinically  significant 
changes  in  systolic  and/or  diastolic  blood  pressure,  pulse  rate,  and  electrocardiograms  have  been  seen 
Infrequently  m  individual  patients  in  controlled  clinical  studies  with  salmeterol. 

3  Metatjolic  Effects  Doses  of  the  related  beta r adrenoceptor  agonist  albuterol,  when  administered 
intravenously,  have  been  reported  to  aggravate  pre-existing  diabetes  mellitus  and  ketoacidosis.  No  effects 
on  glucose  have  been  seen  with  Serevent  Inhalation  Aerosol  at  recommended  doses.  Administration  of 
beta2- adrenoceptor  agonists  may  cause  a  decrease  in  serum  potassium,  possibly  through  intracellular 
shurrtlng,  which  has  the  potential  to  increase  the  likelihood  of  arrhythmias.  The  decrease  is  usually 
transient,  not  requiring  supplementation 

Clinically  significant  changes  in  blood  glucose  and/or  serum  potassium  were  seen  rarely  during  clinical 
studies  with  long-term  administration  of  Serevent  Inhalation  Aerosol  at  recommended  doses 
Intomtation  for  Patients:  See  illustrated  Patient's  Instructions  for  Use  SHAKE  WELL  BEFORE  USING. 
Patients  should  be  given  the  following  information: 

1  Not  for  Use  tCLlreaU^CUIe  Symptoms;  Serevent  Inhalation  Aerosol  Is  not  meant  to  relieve  acute 
asthmatic  symptoms  Acute  symptoms  should  be  treated  with  an  inhaled,  short-acting  bronchodilator  that 
has  been  prescribed  by  a  physician  for  symptom  relief 

2.  Do  Not  Exceed  Recommended  Dose:  The  bronchodilator  action  of  salmeterol  usually  lasts  for  at  least 
12  hours,  Therefore  it  should  not  be  used  more  often  than  every  12  hours, 

3  Use  With  Other  Medications:  While  using  Serevent  Inhalation  Aerosol,  other  inhaled  medicines  should 
be  taken  only  as  directed  by  the  physician 

4  Use  with  Shorl-Acling.  Inhaled  Beta- Agonists,  While  using  Serevent  Inhalation  Aerosol,  medical 
attention  should  be  sought  immediately  i(  the  short-acting  bronchodilator  treatment  becomes  less 
effective  lor  symptom  relief,  i(  more  inhalations  than  usual  are  needed,  or  if  more  than  the  maximum 
number  of  inhalations  of  short-acting  bronchodilator  treatment  prescribed  for  a  24-houf  period  are 
needed  It  the  patient  uses  four  or  more  inhalations  per  day  of  a  short-acting  beta^-agonlst  on  a  regular 
basis,  or  if  more  than  one  canister  (200  inhalations  per  canister)  is  used  in  an  8-week  period,  then  the 
patient  should  see  the  physician  for  re-evaluation  ot  treatment. 

Patients  should  be  cautioned  regarding  potential  adverse  cardiovascular  effects,  such  as  palpitations  or 


chest  pain,  related  to  the  use  of  additional  betaj-agonist. 

5.  Use  of  Systemic  or  Inhaled  Steroids.  Serevent^'  (salmeterol  xinafoate)  Inhalation  Aerosol  does  not 
replace  oral  or  inhaled  corticosteroids,  the  dosage  of  these  medicines  should  not  be  changed  and  they 
should  not  be  stopped  without  consulting  the  physician,  even  if  the  patient  feels  better. 

6.  Use  tor  Exercise-Induced  Bronchospasm;  When  using  Serevent  Inhalation  Aerosol  to  prevent 
exercise-induced  bronchospasm.  the  dose  should  be  administered  at  least  30  to  60  minutes  before 
exercise. 

Drug  Interactions:  Short-Acting  Beta-Agonists:  In  the  two  3-month,  repetitive-dose  clinical  trials 
(n^l84),  the  mean  daily  need  for  additional  betaragonisl  use  was  1  to  1 'a  inhalations  per  day,  but  some 
patients  used  more  Eight  percent  of  patients  used  at  least  eight  inhalations  per  day  at  least  on  one 
occasion  Six  percent  used  9  to  1 2  inhalations  at  least  once.  There  were  1 5  patients  (8%)  who  averaged 
over  four  inhalations  per  day  Four  of  these  used  an  average  of  8  to  1 1  inhalations  per  day.  In  these  15 
patients  there  was  no  observed  increase  in  frequency  of  cardiovascular  adverse  events.  The  safety  of 
concomitant  use  of  more  than  eight  inhalations  per  day  of  short-acting  beta^-agonists  with  Serevent 
Inhalation  Aerosol  has  not  been  established  In  1 5  patients  who  experienced  worsening  of  asthma  while 
receiving  Serevent  Inhalation  Aerosol,  nebulized  albuterol  (one  dose  in  most)  led  to  improvement  in  FEVi 
and  no  increase  in  occurrence  of  cardiovascular  adverse  events, 

Monoamine  Oxidase  Inhibitors  and  Tricyclic  Antidepressants:  Salmeterol  should  be  administered  with 
extreme  caution  to  patients  being  treated  with  monoamine  oxidase  inhibitors  or  tncyclic  antidepressants 
because  the  action  of  salmeterol  on  the  vascular  system  may  be  potentiated  by  these  agents. 

Corticosteroids  and  Cromoglycate:  \n  clinical  trials,  inhaled  corticosteroids  and/or  inhaled  cromolyn 
sodium  did  not  alter  the  safety  profile  of  Serevent  Inhalation  Aerosol  when  administered  concurrently, 

MethylxanOiines:  The  concurrent  use  of  intravenously  or  orally  administered  methylxanthines  (e.g.. 
aminophylline,  theophylline)  by  patients  receiving  Serevent  Inhalation  Aerosol  has  not  been  completely 
evaluated.  In  one  clinical  trial,  87  patients  receiving  Serevent  Inhalation  Aerosol  42  meg  twice  daily 
concurrently  with  a  theophylline  product  had  adverse  event  rates  similar  to  those  m  71  patients  receiving 
Serevent  Inhalation  Aerosol  without  theophylline.  Resting  heart  rates  were  slightly  higher  in  the  patients  on 
theophylline  but  were  little  affected  by  Serevent  Inhalation  Aerosol  therapy 
Carcinogenesis,  Mutagenesis,  Impairment  of  Fertility:  In  an  18-month  oral  carcinogenicity  study  in 
CD-mice,  salmeterol  xinafoate  caused  a  dose-related  increase  In  the  incidence  of  smooth  muscle 
hyperplasia,  cystic  glandular  hyperplasia,  and  leiomyomas  ot  the  uterus  and  a  dose-related  increase  in  the 
incidence  of  cysts  in  the  ovaries  A  higher  incidence  of  leiomyosarcomas  was  not  statistically  significant; 
tumor  findings  were  observed  at  oral  doses  of  1 ,4  and  10  mg/kg,  which  gave  9  and  63  times,  respectively. 
the  human  exposure  based  on  rodent:human  AUC  comparisons. 

Salmeterol  caused  a  dose-related  increase  in  the  incidence  of  mesovanan  leiomyomas  and  ovarian 
cysts  In  Sprague  Dawley  rats  in  a  24-month  inhalation/oral  carcinogenicity  study  Tumors  were  observed 
in  rats  receiving  doses  of  0  68  and  2.58  mg/kg  per  day  (about  55  and  21 5  times  the  recommended 
clinical  dose  [mg/m-]).  These  findings  in  rodents  are  similar  to  those  reporled  previously  for  other  beta- 
adrenergic  agonist  drugs.  The  relevance  of  these  findings  to  human  use  is  unknown. 

No  significant  effects  occurred  in  mice  at  0,2  mg/kg  (1  3  times  the  recommended  clinical  dose  based 
on  compansons  of  the  AUCs)  and  in  rats  at  0.21  mg/kg  (15  times  the  recommended  clinical  dose  on  a 
mg/m^basis). 

Salmeterol  xinafoate  produced  no  detectable  or  reproducible  increases  in  microbial  and  mammalian 
gene  mutation  in  vitro  No  blastogenic  activity  occurred  m  vitro  in  human  lymphocytes  or  in  vivo  in  a  rat 
micronucleus  test  No  effects  on  fertility  were  identified  in  male  and  female  rats  treated  orally  with 
salmeterol  xinafoate  at  doses  up  to  2  mg/kg  orally  (about  160  times  the  recommended  clinical  dose  on  a 
mg/m^  basis). 

Pregnancy:  Teratogenic  Effects:  Pregnancy  Category  C:  No  significant  effects  of  maternal  exposure  to 
oral  salmeterol  xinafoate  occurred  in  the  rat  at  doses  up  to  the  equivalent  of  about  160  times  the 
recommended  clinical  dose  on  a  mg/m:  basis  Dutch  rabbit  fetuses  exposed  to  salmeterol  xinafoate  In 
utero  exhibited  effects  characteristically  resulting  from  beta-adrenoceptor  stimulation;  these  included 
precocious  eyelid  openings,  cleft  palate,  sternebral  fusion,  limb  and  paw  flexures,  and  delayed  ossification 
of  the  frontal  cranial  bones  No  significant  effects  occurred  at  0.6  mg/kg  given  orally  ( 1 2  times  the 
recommended  clinical  dose  based  on  comparison  of  the  AUCs) 

New  Zealand  White  rabbits  were  less  sensitive  since  only  delayed  ossification  of  the  frontal  bones  was 
seen  at  10  mg/kg  given  orally  (approximately  1 ,600  times  the  recommended  clinical  dose  on  a  mg/m- 
basis)  Extensive  use  of  other  tieta-agonists  has  provided  no  evidence  that  these  class  effects  in  animals 
are  relevant  to  use  in  humans  There  are  no  adequate  and  well-controlled  studies  with  Serevent  Inhalation 
Aerosol  in  pregnant  women  Serevent  Inhalation  Aerosol  should  be  used  during  pregnancy  only  if  the 
potential  benefit  justifies  the  potential  risk  to  the  fetus. 

Use  in  Labor  and  Delivery:  There  are  no  well-controlled  human  studies  that  have  investigated  effects  of 
salmeterol  on  preterm  labor  or  labor  at  term.  Because  of  the  potential  for  beta-agonist  interference  with 
uterine  contractility,  use  of  Serevent  Inhalation  Aerosol  during  labor  should  be  restncted  to  those  patients 
in  whom  the  benefits  clearly  outweigh  the  risks 

Nursing  Mottiers:  Plasma  levels  of  salmeterol  after  inhaled  therapeutic  doses  are  very  low  (85  to  200 
pg/mL)  in  humans.  In  lactating  rats  dosed  with  radiolabeled  salmeterol,  levels  of  radioactivity  were  similar 
in  plasma  and  milk.  In  rats,  concentrations  of  salmeterol  in  plasma  and  milk  were  similar  The  xinafoate 
moiety  is  also  transferred  to  milk  in  rats  at  concentrations  of  about  half  the  corresponding  level  in  plasma. 
However,  since  there  Is  no  experience  with  use  of  Serevent  Inhalation  Aerosol  by  nursing  mothers,  a 
decision  should  be  made  whether  to  discontinue  nursing  or  to  discontinue  the  drug,  taking  into  account 
the  importance  of  the  drug  to  the  mother.  Caution  should  be  exercised  when  salmeterol  xinafoate  is 
administered  to  a  nursing  woman 

Pediatric  Use:  The  safety  and  effectiveness  of  Serevent  Inhalation  Aerosol  in  children  younger  than  12 
years  of  age  have  not  been  established 

Geriatric  Use:  Of  the  total  number  of  patients  who  received  Serevent  Inhalation  Aerosol  in  all  clinical 
studies,  241  were  65  years  and  older.  Geriatric  patients  (65  years  and  older)  with  reversible  obstructive 
airway  disease  were  evaluated  in  four  well -controlled  studies  of  3  weeks'  to  3  months'  duration.  Two 
placebo-controlled,  crossover  studies  evaluated  twice-daily  dosing  with  salmeterol  for  21  to  28  days  in  45 
patients.  An  additional  75  geriatric  patients  were  treated  with  salmeterol  for  3  months  in  two  large 
parallel -group,  multicenter  studies  These  120  patients  experienced  increases  in  AM  and  PM  peak 
expiratory  flow  rate  and  decreases  in  diurnal  variation  in  peak  expiratory  flow  rate  similar  to  responses 
seen  in  the  total  populations  of  the  two  latter  studies  The  adverse  event  type  and  frequency  in  geriatric 
patients  were  not  different  from  those  of  the  total  populations  studied 

No  apparent  differences  in  the  efficacy  and  safety  of  Serevent  Inhalation  Aerosol  were  observed  when 
geriatric  patients  were  compared  with  younger  patients  in  clinical  tnals  As  with  other  beta; -agonists, 
however,  special  caution  should  be  observed  when  using  Serevent  Inhalation  Aerosol  m  elderly  patients 
who  have  concomitant  cardiovascular  disease  that  could  be  adversely  affected  by  this  class  of  drug. 
Based  on  available  data,  no  adjustment  of  salmeterol  dosage  In  geriatric  patients  is  warranted, 


Serevent' (salmeterol  xinafoate)  Inhalation  Aerosol 

ADVERSE  REACTIONS:  Adverse  reactions  lo  salmeterol  are  similar  in  nature  to  reactions  to  other  selective 
beta.-adfenoceptor  agonists,  i.e.,  tachycardia,  palpitations;  immediate  hypersensitivity  reactions,  including 
urticaria,  rash,  bronchospasm  (see  WARNINGS);  headache,  tremor,  nervousness;  and  paradoxical 
bronchospasm  (see  WARNINGS) 

Two  multicenter,  12-week,  controlled  studies  have  evaluated  twice-daily  doses  of  Serevent^' 
(salmeterol  xinafoate)  Inhalation  Aerosol  in  patients  1 2  years  of  age  and  older  with  asthma.  The  following 
table  reports  the  incidence  of  adverse  events  in  these  two  studies 

Adverse  Experience  Incidence  in  Two  Large  12-Week  Clinical  Trials* 


Adverse  Event  Type 

Percent  of  Patients 

Placebo 
n=187 

Serevent 
42  meg  bid  n  =  184 

Albuterol 
180mcgq.l.d.  n=185 

Ear,  nose,  and  throat 

Upper  respiratorv 
tract  infection 

13 

14 

te- 

Nasoptiaryngitis 
Disease  of  nasal 

12 

14 

ll 

cavity/sinus 
Sinus  fteadactie 

4 
2 

6 

4 

1 
<1 

Gastrointestinal 

Stomachactie 

0 

4 

0 

Neurological 
Headache 

23 

28 

27 

Tremor 

2 

4 

3 

Respiratory 
Cough 

Lower  respiratory 
infection 

6 
2 

7 
4 

3 
2 

The  table  above  includes  all  events  (whether  considered  drug  related  or  nondrug  related  by  the 
investigator)  that  occurred  at  a  rate  of  over  3%  in  the  Serevent  Inhalation  Aerosol  treatment  group  and 
were  more  common  in  the  Serevent  Inhalation  Aerosol  group  than  in  the  placebo  group. 

Pharyngitis,  allergic  rhinitis,  dizziness/giddiness,  and  influenza  occurred  at  3%  or  more  but  were 
equally  common  on  placebo  Ottier  events  occurring  in  the  Serevent  Inhalation  Aerosol  treatment  group  at 
a  frequency  of  1  %  to  3%  were  as  follows 

Cardiovascular  Tachycardia,  palpitations 

Ear,  Nose,  and  Throat:  Rhinitis,  laryngitis. 

Gastrointestinal:  Nausea,  vira!  gastroenteritis,  nausea  and  vomiting,  diarrhea,  abdominal  pain. 

Hypersensitivity:  Urticaria 

Mouth  and  Teeth:  Dental  pain 

Musculoskeletal:  Pain  in  joint,  back  pain,  muscle  cramp/contraction,  myalgia/myositis,  muscular 

soreness. 

Neurological:  Nervousness,  malaise/fatigue 

flesp/rafD/y;Tracheitis/bronchitis. 

SWn:  Rash/skin  eruption. 

Urogenital:  Dysmenorrhea 

In  small  dose-response  studies,  tremor,  nervousness,  and  palpitations  appeared  to  be  dose  related. 

OVERDOSAGE:  Overdosage  with  salmeterol  may  be  expected  to  result  in  exaggeration  of  the 
pharmacologic  adverse  effects  associated  with  beta-adrenoceptor  agonists,  including  tachycardia  and/or 
arrhythmia,  tremor,  headache,  and  muscle  cramps  Overdosage  with  salmeterol  can  lead  to  clinically 
significant  prolongation  of  the  OT^  interval,  which  can  produce  ventricular  arrhythmias.  Other  signs  of 
overdosage  may  include  hypokalemia  and  hyperglycemia. 

In  these  cases,  therapy  with  Serevent"^  Inhalation  Aerosol  and  all  beta-adrenergic-stimulant  drugs 
should  be  stopped,  supportive  ttierapy  provided,  and  ludicious  use  of  a  beta-adrenergic  blocking  agent 
should  be  considered,  bearing  in  mind  the  possibility  that  such  agents  can  produce  bronchospasm. 
Cardiac  monitoring  is  recommended  in  cases  of  overdosage. 

As  with  all  sympathomimetic  pressurized  aerosol  medications,  cardiac  an^est  and  even  death  may  be 
associated  with  abuse  of  Serevent  Inhalation  Aerosol. 

Rats  and  dogs  survived  the  maximum  practicable  inhalation  doses  of  salmeterol  of  2.9  and  0.7  mg/kg, 
respectively  The  maximum  nonlethal  oral  doses  in  mice  and  rats  were  approximately  150  mg/kg  and 
>1 ,000  mg/kg,  respectively. 

Dialysis  is  not  appropriate  treatment  lor  overdosage  of  Serevent  Inhalation  Aerosol 
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ABSTRACTS 


and  smoking  differences,  a  signifi- 
cant additional  effect  of  race  on  mean 
PD20  was  found.  However,  after  ad- 
justment for  level  of  serum  IgE  and 
level  of  FEVi,  racial  differences  were 
no  longer  apparent.  Similar  results 
were  found  when  asthmatics  were  ex- 
cluded from  the  analyses  (Black  asth- 
matics, n  =  6:  9.7%  versus  White 
asthmatics,  n  =  19:  8.0%)  and  when 
only  subjects  with  heightened  airway 
responsiveness  were  included  in  the 
analyses  (Blacks,  n  =  21:  33.9%  ver- 
sus Whites,  n  =  45:  18.9%^).  These 
findings  suggest  that  young  Black 
women  have  a  greater  degree  of 
methacholine  airway  responsiveness 
than  do  White  women  of  comparable 
age.  Higher  levels  of  serum  IgE  and 
lower  levels  of  lung  function  in 
Blacks  may  explain  these  findings. 

Cognitive  Function  and  Spirom- 
etry Performance  in  the  Elderly — 

CB  Sherman.  D  Kern.  ER  Richard- 
son. M  Hubert.  BS  Fogel.  Am  Rev 
RespirDis  1993:148:123. 

A  total  of  65  ambulatory  subjects 
over  the  age  of  65  yr  were  studied  to 
determine  if  mild  impairment  in  cog- 
nitive function  precludes  reliable  spi- 
rometric  measures  in  the  aged.  Stan- 
dardized questionnaires  were  used  to 
obtain  information  on  demographics, 
cigarette  smoking,  respiratory  symp- 
toms, and  physician-diagnosed  lung 
disea.se.  Each  subject  performed  sev- 
eral simple  standardized  tasks  of  cog- 
nitive function  and  underwent  spiro- 
inetric  testing.  A  total  of  36  women 
and  29  men  participated.  The  mean 
age  for  the  group  was  74.9  ±  5.6  yr; 
most  were  nonsmokcrs  (never  smok- 
ers, n  =  28;  former  smokers,  n  =  29; 
and  current  smokers,  n  =  8).  Of  the  65 
participants.  8  (12.3%)  individuals 
were  unable  to  perform  at  least  3 
ATS-acceptable  FVC  maneuvers 
after  suitable  demonstration.  These 
subjects  were  similar  to  the  57  sub- 
jects able  to  perform  3  acceptable 
maneuvers,  except  for  worse  scores 


on  both  the  symbol-digit  modalities 
test  (23.3  ±  3.6  versus  31.6  ±  10.5.  p 
<  0.001)  and  the  trail-making  test. 
Part  B  (244.3  ±  87.1  versus  160.4  ± 
71.8.  p  <  0.01).  Of  the  57  subjects 
able  to  perform  spirometry.  18 
(31.6%)  failed  to  meet  ATS  repro- 
ducibility criteria  for  FEV|.  FVC.  or 
both.  Cognitive  impairment  was  not 
associated  with  the  ability  to  achieve 
reproducible  measures.  These  results 
suggest  that  the  vast  majority  of  older 
subjects  can  perform  reliable  spirom- 
etry; those  elderly  unable  to  perform 
spirometry  may  have  impairment  in 
cognitive  function  requiring  further 
evaluation. 

Oxygen  Consumption  and  Resting 
Metabolic  Rate  in  Sepsis,  Sepsis 
Syndrome,  and  Septic  Shock — G 

Kreymann.  S  Grosser.  P  Buggisch.  C 
Gottschall.  S  Matthaei,  H  Greten. 
Crit  Care  Med  1993;21:1012. 

OBJECTIVE:  To  test  the  hypothesis 
that  variations  in  oxygen  consump- 
tion (Vo:)  and  resting  metabolic  rate 
reflect  the  severity  of  bacterial  infec- 
tions and  reflect  the  development  of 
sepsis  syndrome  and  septic  shock. 
DESIGN:  Observational  study  with 
sequential  measurements  of  Vq^  and 
resting  metabolic  rate  by  expiratory 
gas  analysis.  SETTING:  Medical  in- 
tensive care  unit.  PATIENTS:  Thirty 
patients,  treated  primarily  for  pre- 
sumed bacterial  infection,  were  ex- 
amined on  118  treatment  days.  IN- 
TERVENTIONS:  None.  MEA- 
SUREMENTS &  MAIN  RESULTS: 
Vo:  and  resting  metabolic  rate  were 
measured  by  expiratory  gas  analysis. 
For  mechanically  ventilated  patients, 
a  measurement  system  was  devel- 
oped, based  on  a  paramagnetic  oxy- 
gen sensor,  an  infrared  CO2  sensor, 
and  digital  signal  averaging.  Mea- 
surements in  spontaneously  breathing 
patients  were  performed  with  a 
metabolic  monitor.  Patients  were  as- 
signed by  clinical  criteria  to  the  fol- 
lowing groups:  sepsis,  sepsis  syn- 


drome, and  septic  shock.  The  lowest 
Vo:  value  of  each  patient  in  each 
stage  was  evaluated.  Mean  Vq,  in 
15  patients  with  sepsis  was  180  ±  19 
(SD)  mL/min/m-.  in  1 1  patients  with 
sepsis  syndrome  156  ±  22  mL/min/ 
m-,  and  in  eight  patients  with  septic 
shock  120  ±  27  mL/min/m-  (p  < 
0.001).  Mean  resting  metabolic  rate 
in  sepsis  was  -1-55  ±  14%.  in  sepsis 
syndrome  -1-24  ±  12%.  and  in  septic 
shock  +2  ±  24%.  (p  <  0.001).  Mean 
oxygen  delivery  (DoO  was  501  ±  116 
niL/min/m-  in  sepsis.  515  ±  186 
mL/min/m-  in  sepsis  syndrome,  and 
404  ±  96  mL/min/m-  in  septic  shock. 
Oxygen  extraction  (Vo:/Do:)  was 
highest  in  sepsis  (0.39  vs  0.33  in  sep- 
sis syndrome  and  0.29  in  septic 
shock).  During  recovery  from  sepsis 
syndrome  or  septic  shock,  a  signifi- 
cant increase  in  resting  metabolic  rate 
to  -1-6 1  ±  22%.  was  measured  in  nine 
patients.  CONCLUSIONS:  In  sepsis 
syndrome,  Vq:  and  resting  metabolic 
rate  are  enhanced  by  30%  compared 
with  normal  basal  metabolism,  but 
they  are  markedly  reduced  compared 
with  uncomplicated  sepsis.  The  high- 
er Vq:  in  uncomplicated  sepsis  is 
flow  independent.  The  noninvasive 
measurement  of  Vq:  and  resting 
metabolic  rate  by  expiratory  gas  anal- 
ysis therefore  can  be  used  as  a  quanti- 
tative staging  and  monitoring  param- 
eter for  the  development  of  sepsis 
syndrome  and  septic  shock. 

Positive  End-Expiratory  Pressure- 
Induced,  Calcium-Channel-Medi- 
ated Increases  in  Pulmonary  Vas- 
cular Resistance  in  Neonatal 
Lambs — ST  Venkataraman.  BP 
Fuhrman.  DF  Howland.  M  De- 
Francisis.  Crit  Care  Med  1993; 
21:1066. 

OBJECTIVES:  (a)  To  .study  the  do.se 
response  of  the  calcium-channel-me- 
dialed  increases  in  pulmonary  vascu- 
lar resistance  with  different  levels  of 
positive  end-expiratory  pressure;  (b) 
to  study  the  reversibility  of  the  calci- 
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Air  enters  through  intake  vents, 
mixing  with  aerosol  plume  and 
reversing  its  flow. 


Dynamic  mixing  action 
keeps  smaller  particles  in 
suspension,  lets  larger 
particles  settle  out. 


Cam  action 
advances  inner 
chamber,  opening 
additional  air  vents. 


Aerosol  particles  are 
directed  away  from 
mouth. 
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full,  deep  breath. 
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urn-channel  mediated  increases  in 
pulmonary  vascular  resistance  after 
discontinuation  of  positive  end-expi- 
ratory pressure;  and  (c)  to  study  the 
effect  of  cyclooxygenase  and  lipoxy- 
genase inhibition  on  the  calcium- 
channel  mediated  increases  in  pul- 
monary vascular  resistance.  DE- 
SIGN: A  prospective,  multiexperi- 
mental,  dose  response  study.  SET- 
TING: Laboratory  setting  in  a 
university  hospital.  SUBJECTS: 
Twenty-three  4-  to  10-day-old  neona- 
tal lambs.  INTERVENTIONS  & 
MEASUREMENTS:  Lungs  of  neo- 
natal lambs  were  isolated  in  situ,  per- 
fused at  a  constant  tlowrate,  and  ven- 
tilated at  a  fixed  tidal  volume  and 
rate.  Mean  pulmonary  arterial  pres- 
sure responses  to  the  application  and 
discontinuation  of  four  levels  (3.7, 
7.4,  1 1,  and  14.7  mm  Hg)  of  positive 
end-expiratory  pressure  were  studied 
before  and  after  calcium-channel 
blockade  with  verapamil  (5  mg)  (n  = 
12).  In  addition,  the  mean  pulmonary 
arterial  pressure  response  to  1 1  mm 
Hg  of  positive  end-expiratory  pres- 
sure was  studied  before  and  after  in- 
hibition of  cyclooxygenase  with  in- 
domethacin  (10  mg/kg)  (n  =  6)  and 
lipoxygenase  with  diethylcarba- 
mazine  (100  mg/kg)  (n  -  5).  RE- 
SULTS: The  magnitude  of  the  calci- 
um-channel-dependent mean  pul- 
monary arterial  pressure  response  4 
mins  after  the  application  of  positive 
end-expiratory  pressure  was  dose  re- 
lated (2.1,  3.0,  4.1,  and  5.5  mm  Hg 
with  3.7,  7.4,  11.0,  and  14.7  mmHg 
positive  end-expiratory  pressure,  re- 
spectively) and  entirely  reversible  on 
discontinuation  of  positive  end-expi- 
ratory pressure  with  a  time  course  of 
2  to  4  mins.  Neither  indomethacin 
nor  diethylcarbama/ine  affected  the 
pulmonary  arterial  pressure  respons- 
es to  positive  end-expiratory  pres- 
sure. Airway  pressure  changes  with 
positive  end-expiratory  pressure  were 
not  affected  by  verapamil,  indometh- 
acin, or  dicthylcarbamazine.  CON- 
CLUSIONS: The  calcium-channel- 


mediated  pulmonary  arterial  pressure 
responses  with  positive  end-expirato- 
ry pressure,  applied  during  continu- 
ous positive  pressure  breathing,  occur 
even  at  low  levels  of  positive  end-ex- 
piratory pressure,  are  dose  depen- 
dent, and  are  not  abolished  by  treat- 
ment with  indomethacin  or  dicthyl- 
carbamazine. 

High-Compliance  Tuberculosis 
Treatment  Programme  in  a  Rural 
Community — D  Wikinson.  Lancet 
1994:343:647. 

The  global  tuberculosis  epidemic  is 
being  fueled  by  dual  infection  with 
human  immunodeficiency  virus  type 
I .  Shortcourse  chemotherapy  is  ef- 
fective but  usually  fails  for  opera- 
tional reasons.  A  community-based 
treatment  programme  of  twice-week- 
ly fully-supervised  treatment  is  de- 
scribed in  which  89%  of  surviving 
patients  completed  treatment  under 
programme  conditions.  Half  the  pa- 
tients were  successfully  supervised 
by  non-health  workers.  New  ap- 
proaches are  needed  to  combat  the 
global  tuberculosis  epidemic. 

Optimal  Release  Time  during 
Airway  Pressure  Release  Ventila- 
tion   in    Neonatal    Sheep — LD 

Martin,  RC  Wetzel.  Crit  Care  Med 
1 994:22(3  ):486. 

OBJECTIVE:  To  systematically  in- 
vestigate the  effect  of  altering  release 
time  during  airway  pressure  relea.se 
ventilation  in  a  neonatal  animal 
model  before  and  after  oleic  acid-in- 
duced acute  lung  injury.  DESIGN: 
Prospective,  nonrandomized,  con- 
trolled study  with  repeated  measures. 
SETTING:  University  research  labo- 
ratory. SUBJECTS:  Eight  neonatal 
sheep  (aged  <  7  days,  weight  5. 1  ±  0.3 
kg).  INTERVENTIONS:  Throughout 
this  study,  airway  pressure  release 
ventilation  was  performed  with  an 
Hi(),  of  0.21  at  a  frequency  of  0.5  Hz 
(30  breaths/min)  and  an   airway 


plateau  pressure  set  to  deliver  tidal 
volumes  between  10  and  15  mL/kg 
with  a  release  time  of  1  second. 
Release  time  was  changed  in  decre- 
ments of  0.2  second  starting  at  I  sec- 
ond and  ending  at  0.2  second  at  10- 
min  intervals.  Cardiorespiratory  pro- 
files were  recorded  at  the  end  of  each 
interval.  The  total  exhaled  respiratory 
system  time  constant  (t)  was  mea- 
sured by  plotting  exhaled  volume  (in- 
tegration of  exhaled  airflow)  vs  time. 
Acute  lung  injury  was  induced  by 
oleic  atid  infusion.  The  protocol  was 
repeated  with  increased  plateau  air- 
way pressure  to  maintain  tidal  vol- 
umes between  10  and  15  mL/kg  at  a 
release  time  of  1  second.  MEA- 
SUREMENTS &  MAIN  RESULTS: 
During  airway  pressure  release  venti- 
lation at  a  release  time  of  I  second, 
oleic  acid-induced  acute  lung  injury 
decreased  dynamic  lung  compliance 
(9.9  ±  2.2  vs  7.5  ±  2.0  mL/cm  H2O,  p 

<  0.0 1),  the  expiratory  time  constant 
(0.15  ±  0.04  vs  0.12  ±  0.02  second,  p 

<  0.05),  and  mean  arterial  pressure 
(80  ±  5  vs  62  ±  12  mm  Hg,  p  <  0.01 ). 
Alveolar  ventilation  was  maintained 
as  long  as  release  times  were  >  0.4 
second  («=3t  or  greater).  PaO:  de- 
creased with  release  times  of  <  0.3 
second,  but  the  alveolar-arterial  oxy- 
gen tension  difference  was  un- 
changed. In  this  protocol,  with  higher 
plateau  and  mean  airway  pressures, 
oleic  acid-induced  acute  lung  injury 
had  no  effect  on  the  relationship  be- 
tween release  time  and  oxygenation 
or  ventilation.  CONCLUSIONS:  In 
this  neonatal  laboratory  model,  re- 
lease times  that  were  much  shorter 
than  previously  reported  maintained 
clinically  acceptable  oxygenation  and 
ventilation.  The  optimal  duration  of 
the  relea.se  time  is  a  function  of  the 
time  constant  of  the  respiratory  sys- 
tem. During  airway  pressure  release 
ventilation,  alveolar  ventilation  was 
maintained  without  apparent  lung 
volume  loss  with  release  times  of  be- 
tween 4Tand  I  Ox. 
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Emergency 

Guidelines:^ 
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hospitalization. 


<40% 
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<  25% 
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Assess. 


Rapid  initiation  and  close  monitoring  of  therapy  are  vital  to 
successful  ER  management  of  severe  asthma.'  That's  why 
the  ASSESS®  Peak  Flow  Meter  should  be  a  vital  part  of 
your  armamentarium.  ASSESS  lets  you  — 

Measure  airway  obstruction  easily, 
accurately,  cos^effectively. 

Peak  expiratory  flow  rate  (PEER)  provides  an  objective, 
clinically  relevant  measurement  of  airflow  —  at  a  fraction 
of  the  cost,  bulk,  and  inconvenience  of  conventional 
spirometry.^  And  when  seconds  count,  you  can  count  on 
ASSESS  to  deliver  those  measurements  with  superior 
accuracy  and  reproducibility.'*"^ 

Evaluate  response  to  therapy  and 
need  for  hospitalization. 

How  is  your  patient  doing?  What  should  you  be  doing? 
From  initial  presentation  through  discharge,  the  rugged, 
compact  ASSESS  gives  you  the  hard  data  you  need  —  as 
often  as  you  need  it — to  help  you  make  informed  treatment 
decisions  in  line  with  NAEP  recommendations.^ 

prevent  future  acute  exacerbations. 

Patients  don't  come  back  when  their  maintenance  therapy 
stays  on  track.  Keep  it  on  track  with  ASSESS  —  and  a 
regular  program  of  PEFR  monitoring  at  home,  work,  or 
school  —  as  a  routine  part  of  your  discharge  orders. 

For  more  information  about  how  ASSESS  can  help 
you  deliver  better  asthma  care,  call  HealthScan 
Produds  at  1-800-962-1266. 


REFERENCES;  1.  Peters  JlRcsswcker  J  Curfeol  conceiSS  in  nwafling  stales  a. 
rj(6):829-849, 1992,  2  National  Asllinia  Education  P((<>»5«awte  tote  fl<%roi.,.  .  .,.., 
men(o//ls//)roa. Beliiesda, MO-.US.Depl-olHealili&rtmianSCTi'Bies  1991  NIHPubNo  gi-aof) 
3  Data  on  tile,  HealthScan  ProtWds.lnc.  4,  Shapiro  SM.HwSfefJM  Ooi'alaRG.etal  Anevaluaiio. 
Itie  accuracy  ol  Assess  and  Miniwright  peak  fiowmetefs  C/iesfS9(2)  358  362, 1991  5  GafdncfRW 
Crapo  RO,  Jackson  BR,  et  al  Evaluation  oiaccuiacy  aod  reprotobility  ol  peaktkwnete'b  a  <)  V  ' 
ChesI  70r(4);  948-952, 1992,  AA710003-0    5/93    ©  1993,  HraltftScan  Produ. 
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ABSTRACTS 


Nationwide  Survey  of  Drug- 
Resistant  Tuberculosis  in  the 
United  States— AB  Bloch.  GM 
Cauthen,  IM  Onorato,  KG  Dansbury. 
GD  Kelly.  CR  Driver.  DE  Snider  Jr. 
JAMA  1994:271(9):665. 

OBJECTIVE:  To  determine  antitu- 
berculosis drug  resistance  patterns, 
geographic  distribution,  demographic 
characteristics,  and  risk  factors  of  re- 
ported tuberculosis  (TB)  patients  in 
the  United  States.  DESIGN:  Survey 
of  reported  TB  cases  in  the  United 
States.  For  culture-positive  cases  re- 
ported to  the  Centers  for  Disease 
Control  and  Prevention,  we  asked 
health  departments  to  provide  drug 
susceptibility  test  results  from  initial 
Mycobacterium  tuberculosis  isolates. 
STUDY  POPULATION:  Culture- 
positive  TB  cases  in  the  United  States 


reported  during  the  first  quarter  of 
1991.  MAIN  OUTCOME  MEA- 
SURES: Individual  TB  case  reports 
submitted  to  the  Centers  for  Disease 
Control  and  Prevention  and  drug  sus- 
ceptibility test  results.  RESULTS: 
Resistance  to  one  or  more  antituber- 
culosis drugs  was  found  in  14.2%  of 
cases.  Resistance  to  isoniazid  and/or 
rifampin  was  found  in  9.5%  of  cases 
whose  isolates  were  tested  against 
one  or  both  drugs,  such  cases  were 
found  in  107  counties  in  33  states. 
Resistance  to  both  isoniazid  and  ri- 
fampin (multidrug-resistant  [MDR] 
TB)  was  found  in  3.5%  of  cases 
whose  isolates  were  tested  against 
both  drugs;  such  cases  were  found  in 
35  counties  in  13  states.  New  York 
City  accounted  for  61.4%  of  the  na- 
tion's MDR  TB  cases.  The  3-month 
population-based  incidence  rate  of 


MDR  TB  in  New  York  City  was  52.4 
times  (95%  confidence  interval  [CI] 
35.5  to  78.3)  that  of  the  rest  of  the  na- 
tion (9.559  vs  0. 1 82  cases  per  million 
population).  Compared  with  the  rate 
in  non-Hispanic  Whites  in  the  rest  of 
the  nation  (0.032  cases  per  million), 
the  relative  risk  of  MDR  TB  in  New 
York  City  non-Hispanic  Whites  was 
39.0  (95%  CI  8.1  to  164.5),  299.3 
(95%  CI  1 12.5  to  927. 1 )  in  Hispanics, 
420.9  (95%  CI  121.0  to  1515.8)  in 
Asian/Pacific  Islanders,  and  701.0 
(95%  CI,  296.4  to  2018.1)  in  non- 
Hispanic  Blacks.  CONCLUSIONS: 
With  nearly  10%  of  TB  patients  resis- 
tant to  isoniazid  and/or  rifampin, 
greater  use  of  four-drug  regimens  and 
directly  observed  therapy  is  indicat- 
ed. Aggressive  intervention  to  pre- 
vent the  further  spread  of  MDR  TB  is 
needed  to  find  every  TB  patient  and 
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to  provide  optimal  patient  manage- 
ment to  ensure  completion  of  chemo- 
therapy. 

Outcome  of  Out-of-Hospital  Cardiac 
Arrest  In  New  York  City:  The  Pre- 
Hospital  Arrest  Survival  Evalua- 
tion (PHASE)  Study— G  Lombardi, 
EJ  Gallagher,  P  Gennis.  JAMA  1994; 
271:678. 

OBJECTIVE:  To  determine  survival 
from  out-of-hospital  cardiac  arrest  in 
New  York  City  and  to  compare  this 
with  other  urban,  suburban,  and  rural 
areas.  DESIGN:  Observational  co- 
hort study.  SETTING;  New  York 
City.  PARTICIPANTS:  Consecutive 
out-of-hospital  cardiac  arrests  occur- 
ring between  October  1,  1990,  and 
April  1,   1991.  INTERVENTION: 


Trained  paramedics  performed  imme- 
diate postarrest  interviews  with  care 
providers,  using  a  standardized  ques- 
tionnaire. MAIN  OUTCOME  MEA- 
SURES: Entry  criteria,  elapsed  time 
intervals,  and  nodal  events  con- 
formed to  Utstein  recommendations. 
The  single  target  endpoint  was  death 
or  discharge  home.  RESULTS:  Of 
3,243  consecutive  cardiac  arrests  on 
which  resuscitation  was  attempted, 
2,329  (12%)  met  entry  criteria  as  pri- 
mary cardiac  events.  Overall  survival 
was  1.4%  (99%  confidence  interval 
[CI]  0.9%  to  2.3%).  No  patients  were 
lost  to  follow-up.  Survival  from  wit- 
nessed ventricular  fibrillation  was 
5.3%  (99%  CI  2.9%  to  8.8%).  Using 
survival  from  witnessed  ventricular 
fibrillation  for  intersystem  compari- 
son, our  survival  rate  was  similar  to 


that  of  Chicago  IL  (4.0%;  99%  CI, 
1.9%  to  7.5%;  p  =  0.41),  the  only 
other  large  city  on  which  data  were 
available.  However,  it  was  signifi- 
cantly lower  than  that  reported  from 
midsized  urban/suburban  areas 
(33.0%;  99%  CI  30.4%  to  35.6%;  p  < 
0.000 1)  and  suburban/rural  areas 
(12.6%;  99%  CI  8.9%  to  16,3%>;  p  < 
O.OOOI).  Survival  rate  among  arrests 
occurring  after  arrival  of  emergency 
medical  services  personnel  (8.5%; 
99%  CI  4.7%  to  14.0%)  was  compa- 
rable with  Chicago  (6.6%;  99%  CI 
3.3%  to  1 1.5%;  p  =  0.41)  but  markedly 
lower  than  King  County,  Washington 
(36%;  99%  CI  28.6%  to  43.8%;  p  < 
0.0001).  CONCLUSIONS:  Survival 
from  out-of-hospital  cardiac  arrest  in 
New  York  City  was  poor.  This  was 
partly  attributable  to  lengthy  elapsed 
time  intervals  at  every  step  in  the 
chain  of  survival.  However,  examina- 
tion of  survival  among  arrests  occur- 
ring after  emergency  medical  ser- 
vices arrival  suggests  that  other  fea- 
tures may  predispose  residents  of 
large  cities  to  higher  cardiac  arrest 
mortality  than  individuals  living  in 
more  suburban  or  rural  settings. 
Since  half  the  U.S.  population  resides 
in  large  metropolitan  areas,  this  rep- 
resents a  public  health  problem  of 
considerable  magnitude. 
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A  Comparison  of  the  Imposed  Work  of  Breathing  with 
Endotracheal  and  Tracheostomy  Tubes  in  a  Lung  Model 

Kenneth  Davis Jr  MD,  Richard  D  Branson  RRT,  and  David  Porembka  DO 

BACKGROUND:  Artificial  airways  have  been  shown  to  increase  flow  resistance 
and  the  worli  of  breathing  (WOB)  as  inside  diameters  decrease  and  inspiratory 
flow  increases.  PURPOSE:  We  designed  a  study  to  evaluate  the  imposed  work  of 
breathing  (WOBi)  in  a  lung  model,  using  both  endotracheal  (ETT)  and  tra- 
cheostomy tubes  (TT).  We  hypothesized  that  the  shorter,  more  rigid  TT  might  re- 
sult in  a  lower  WOBi  than  that  imposed  by  a  thermolabile  ETT  of  the  same  size. 
MATERIALS  &  METHODS:  A  patient  model  was  created  using  an  intubation 
mannequin,  simulated  trachea,  and  two-chamber  test  lung.  One  side  of  the  test 
lung  was  connected  to  a  ventilator  to  simulate  spontaneous  breathing.  The  ventila- 
tor was  set  to  deliver  a  Vt  of  500  mL  at  flows  of  0.5, 1.0,  and  1.5  L/s.  ETT  with  in- 
side diameters  (ID)  of  6.0-,  7.0-,  8.0-,  and  8.5-mm  ID  and  TT  with  ID  of  5.0-,  7.0-, 
8.5-,  and  9.0-mm  ID  were  placed  in  the  model.  WOBi  was  measured  by  a  VenTrak 
respiratory  monitor.  A  pneumotachograph  and  pressure  tap  were  placed  at  the 
proximal  airway  and  a  second  pressure  tap  was  located  below  the  distal  tip  of  the 
artificial  airway.  WOB  and  peak  negative  pressure  (PNP)  were  recorded  from  the 
average  of  10  breaths  at  each  flow  setting.  RESULTS:  WOBi  and  PNP  varied  in- 
versely with  ID  and  directly  with  inspiratory  flow.  With  each  increase  in  flow, 
both  WOBi  and  PNP  increased  (p  <  0.01)  for  each  tube.  For  equivalent  ID,  7.0- 
and  8.5-mm  ID  ETTs  had  significantly  higher  PNP  and  WOBi  at  1.0  L/s  (p  <  0.05) 
and  1.5  L/s  (p  <  O.OI)  than  did  7.0-  and  8.5-mm  TTs.  CONCLUSION:  The  WOBi 
of  artificial  airways  increases  with  decreasing  ID,  increasing  length,  and  increased 
patient  demand.  For  identical  ID,  the  shorter,  more  rigid  TT  results  in  a  lower 
WOBi  and  PNP  than  equivalently  sized  ETT.  Clinicians  should  be  aware  of  the 
contribution  of  artificial  airways  to  WOBi  and  select  the  appropriate  airway  for 
patients.  [RespirCare  1994;39(6):61 1-616.] 


Background  and  Study  Purpose 

Several  authors  have  measured  the  contribution 
of  artificial  airways  on  the  imposed  work  of  breath- 
ing (WOBi).'"^  Under  conditions  of  constant,  lami- 


Dr  Davis  is  Associate  Professor  of  Surgery  and  Anesthesia,  Mr 
Branson  is  Assistant  Professor  of  Clinical  Surgery,  and  Or 
Porembka  is  Associate  Professor  of  Anesthesia — University  of 
Cincinnati  Medical  Center,  Cincinnati,  Ohio. 

None  of  the  authors  has  any  financial  interest  in  any  of  the  pro- 
ducts used  or  evaluated. 

Reprints:  Richard  D  Branson  RRT,  Dept  of  Surgery  ML  358, 
University  of  Cincinnati  Medical  Center,  231  Bethesda  Ave, 
Cincinnati  OH  45267-0558. 


nar  flow,  the  resistance  of  an  artificial  airway  is  di- 
rectly proportional  to  the  length  and  inversely  pro- 
portional to  the  fourth  power  of  the  internal  radius.^ 
However,  Wright  et  al"*  have  shown  that  in-vivo  en- 
dotracheal tube  (ETT)  resistance  is  grossly  underes- 
timated from  in-vitro  data. 

The  presence  of  a  small-lumen  artificial  airway 
can  increase  the  work  of  breathing,  contribute  to  de- 
velopment of  auto-PEEP,  precipitate  respiratory 
muscle  fatigue,  and  preclude  weaning.'-  The  resis- 
tance of  artificial  airways  also  needs  to  be  account- 
ed for  during  measurements  of  respiratory  mechan- 
ics.^ 

We  have  observed  patients  who  having  failed  re- 
peated weaning  attempts  return  from  the  operating 
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room  following  tracheostomy  without  further  need 
for  mechanical  ventilation.  This  observation  result- 
ed in  the  speculation  that  tracheostomy  tubes  (TT) 
may  impose  a  lower  WOBi  than  ETT,  secondary  to 
their  rigidity  and  shorter  length.  A  literature  search 
failed  to  demonstrate  any  previous  reports  compar- 
ing the  WOBi  of  TT  and  ETT.  In  an  attempt  to  clari- 
fy this  phenomenon,  we  measured  the  WOBj  of 
ETT  and  TT  in  a  lung  model. 

Materials  and  Methods 

A  patient  model  was  assembled  using  an  intuba- 
tion mannequin*  and  a  test  lung  (Fig.  1).  The  tra- 
chea of  the  mannequin  was  connected  to  one  side  of 
a  two-chamber  test  lung  via  10-mm-ID  smooth-bore 
tubing.  A  lift  bar  was  attached  to  the  opposite  cham- 
ber, which  was  ventilated  by  a  Puritan-Bennett 
7200ae  ventilator.  This  allowed  simulation  of  spon- 
taneous breathing  as  first  described  by  Op"t  Holt  et 
al.'  The  7200ae  delivered  a  tidal  volume  (Vj)  of 
500  mL  at  a  frequency  (f)  of  10  breaths/min  with  a 
descending  flow  waveform.  Inspiratory  flow  was 
set  at  0.5,  I.O,  and  1.5  L/s  to  simulate  quiet  and  la- 
bored breathing. 

A  computerized  respiratory  monitoring  system 
( VenTrak)  was  used  to  measure  flows  and  pressures 


*  Manufacturers  or  suppliers  are  identified  in  the  Product 
Sources  section  at  the  end  of  the  text. 


for  the  calculation  of  WOB].  A  variable  orifice 
pneumotachograph  was  placed  at  the  proximal  end 
of  the  ETT  for  measurement  of  flow.  Pressure  was 
measured  by  a  Honeywell  #143  PC03D  pressure 
transducer.  The  pneumotachograph  was  character- 
ized in  the  laboratory  using  a  series  of  flows  and 
volumes,  creating  a  known  response  curve.  This  re- 
sponse curve  was  written  into  software  and  used  by 
the  monitor  to  allow  accurate  measurements  of  flow 
from  0.008  to  1.8  L/s.  In  order  to  measure  WOBi 
caused  by  the  artificial  airway,  pressure  was  mea- 
sured at  the  proximal  airway  and  4  centimeters  dis- 
tal to  the  tip  of  the  artificial  airway.  The  distal  pres- 
sure-sensing site  consisted  of  a  12-gauge  flat-tip 
needle  with  side  holes  connected  to  the  monitor  by 
Tygon  tubing.  Calculations  of  WOBi  were  accom- 
plished by  integrating  Vt  and  distal  pressure  mea- 
surements, and  WOBi  was  defined  as  the  area  of  the 
pressure-volume  curve  below  baseline  pressure. 
WOBi  is  reported  in  J/L.  Measurements  were  made 
with  ETT  and  TT  in  the  lung  model  (Table  1 ).  These 
tubes  were  selected  because  they  are  carried  on  the 
intubation  carts  at  University  Hospital. 

ETTs  were  placed  in  the  intubation  model  in  an 
attempt  to  create  the  characteristic  'question  mark' 
shape  assumed  in  vivo.  ETT  were  placed  5  to  6  cen- 
timeters above  the  model's  carina,  the  cuff  was  in- 
flated, and  the  system  w  as  checked  for  leaks.  TTs 
were  placed  through  the  top  of  the  model  trachea 
and  positioned  the  same  distance  from  the  carina. 
The  TT  cuff  was  inflated  and  the  model  checked  for 
leaks. 


Airway 
Pressure 
and  Flow 


41 


X-Y  Recorder 


fp]  Tracheal 
Pressure 
Transducer 


To  Ventilator 


Intubated  Mannequin 


Fig.  1.  Schema  of  the  test  system. 
Adapted  from  original  figure  by  J 
Loos. 
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Table  1.    Inside  Diameter  (ID).  Length,  and  Dead  Space  of 
Artificial  Airways  Used  in  the  Study 


Tube 


ID  (mm)        Length  (cm)     Dead  Space  (mL) 


ETT#6* 

6.0 

ETT#7 

7.0 

ETT#8 

8.0 

ETT  #8.5 

8.5 

TT  Size  4t 

5.0 

TT  Size  6 

7.0 

TT  Size  8 

8.5 

TT  Size  10 

9.0 

31.5 
34.5 
35.5 
36.5 
1 0.0 
12.0 
12.0 
12.0 


11.0 
15.0 
18.0 
24.0 
3.0 
5.0 
6.0 
8.0 


*ETT  =  endotracheal  tube;  TT  =  tracheostomy  tube.  Dead  space  =  in- 
ternal volume  of  tube. 
t  Note  that  tracheostomy  tube  size  is  not  equal  to  inside  diameter. 


Measurements  of  WOBi  and  peak  negative  pres- 
sure (PNP)  were  recorded  for  each  ETT  and  TT  at 
the  three  inspiratory  flows  (0.5,  1.0,  and  1.5  L/s). 
PNP  was  obtained  from  proximal  airway  pressure 
measurements.  All  values  are  the  mean  of  10  mea- 
surements and  are  reported  as  mean  (SD).  Data 
were  analyzed  using  analysis  of  variance  for  tubes 
of  equivalent  inside  diameter  (ID)  and  for  the  same 
tube  at  each  flow  setting. 

Results 

The  WOBi  varied  inversely  with  ID  and  directly 
with  inspiratory  flow  (Fig.  2).  At  any  laboratory 
condition,  the  WOB]  was  lower  with  a  TT  than  an 
ETT  of  equivalent  ID.  At  flows  of  1 .0  and  1 .5  L/s, 
this  difference  was  statistically  significant  between 
7.0-  and  8.5-mm  ETTs  vs  7.0-  and  8.5-mm  TT  (p  < 


Flow  (LVs) 

Fig.  2.  The  imposed  work  of  breathing  for  each  of  the 
ETTs  and  TTs  used  in  the  study  at  inspiratory  flows  of 
0.5,  1.0,  and  1.5  L7s  with  a  constant  0.4  L  tidal  volume. 
Tubes  are  designated  by  inside  diameter  (ID)  in 
millimeters.  ETT  6  =  •;  TT  5  =  a;  ETT  7  =  a;  ETT  8  =  *; 
ETT  8.5  =  a;  TT  7  =  ♦;  TT  8.5  =  ■;  TT  9  =  o.  Imposed 
work  of  breathing  was  significantly  higher  in  ETT  with  ID 
of  7  and  8.5  mm  than  in  TT  of  same  ID  at  flows  of  1.0 
and  1.5  L/s.  p  <  0.05  for  7-  and  8.5-mm  ETT  vs  TT  at  1 
and  1.5  LVs. 

0.05).  Significant  differences  were  seen  in  WOB[ 
and  PNP  (p  <  0.01 )  for  every  1-mm  change  in  ETT 
ID  at  each  flow.  Likewise,  each  stepwise  change  in 
TT  resulted  in  significant  differences  (p  <  0.01)  in 
WOBi  and  PNP  at  each  flow.  For  each  tube  (FT  or 
TT),  significant  differences  were  seen  in  WOBj  and 
PNP  for  each  increase  in  flow  (p  <  0.01).  PNP  also 
varied  inversely  with  ID  and  directly  with  inspirato- 
ry flow  (Fig.  3).  Similarly,  PNP  was  greater  for  ETT 
than  TT  of  the  same  ID.  This  difference  was  signifi- 
cant for  7.0-mm  ETT  vs  7.0-mm  TT  at  1.0  L/s.  The 
difference  was  also  significant  with  7.0-  and  8.5- 
mm  ETT  compared  to  equivalent-sized  TT  at  1.5 
L/s  (p<  0.05). 
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Fig.  3.  Maximum  negative  pressure  measured  at  the  proximal  airway  with  each  ETT  and  TT  used  in  the  study  at  inspiratory 
flows  of  0.5  Us  (A),  1 .0  L/s  (B),  and  1 .5  LVs  (C).  *p  <  0.05  vs  TT  of  equivalent  ID.  Tubes  are  designated  by  inside  diameter  in 
millimeters  (not  by  size). 
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Discussion 

Our  results  demonstrate  a  statistically  significant 
decrease  in  WOBj  with  use  of  a  TT  compared  to  an 
equivalent  ID  ETT  as  flow  increased.  The  disparity 
in  WOB|  became  more  pronounced  as  ID  was  re- 
duced and  inspiratory  flow  'demand'  increased. 

The  Hagen-Poiseuille  equation  states  that  under 
conditions  of  laminar  flow,  resistance  varies  in- 
versely with  the  fourth  power  of  the  radius  and  is  di- 
rectly proportional  to  the  length.  Early  studies  of  the 
ETT's  effect  on  breathing  concentrated  on  the  in- 
creased resistance.'*-' '"  Using  calculations  of  Rey- 
nolds number  and  Womersley  number,  Wright  et  al 
demonstrated  that  flow  through  ETTs  is  not  laminar 
but  turbulent.^  This  is  in  agreement  with  the  work  of 
Bolder  et  al.'  However,  Wright  and  colleagues 
found  that  the  resistance  of  ETTs  in  vivo  was  signif- 
icantly greater  than  in-vitro  estimations  would  sug- 
gest. They  attributed  this  finding  to  changes  in  the 
shape  of  thermolabile  ETTs,  the  presence  of  secre- 
tions adherent  to  the  lumen,  and  errors  in  in-vitro 
measurements  due  to  the  dissipation  of  kinetic  ener- 
gy-' 

These  results  support  our  finding  that  WOB|  in- 
creases with  decreasing  ID  and  may  account  for 
changes  between  ETTs  and  TTs  of  equivalent  ID. 
Our  model  allowed  the  ETT  tube  to  be  placed  in  the 
typical  question  mark  shape  seen  in  vivo.  However, 
because  the  model  remained  at  room  temperature, 
our  results  may  underestimate  the  true  WOB].  The 
increased  length  of  ETTs  also  increases  resistance 
and  WOB]  compared  to  TTs.  However,  the  contri- 
bution of  increased  length  to  resistance  is  small 
compared  to  changes  in  diameter. 

Shapiro  et  al-  measured  the  work  of  breathing 
(WOB)  in  normal  subjects  with  an  ETT  placed  "as 
far  back  in  the  pharynx  as  tolerable."  They  found 
WOB  was  inversely  proportional  to  ID  and  directly 
proportional  to  increases  in  minute  ventilation  (Vh). 
In  subjects  breathing  through  6.0-  and  7.()-mm-ID 
ETTs,  they  observed  an  increase  in  tension-time 
index  approaching  levels  associated  with  diaphrag- 
matic fatigue  as  V(;  exceeded  20  L/min.  They  con- 
cluded that  in  patients  with  respiratory  disease  the 
effect  of  ETTs  on  WOB  may  be  magnified. 

Weissman  et  aH  studied  changes  in  ventilatory 
pattern  associated  with  increased  airway  resistance 
in  a  group  of  normals  and  a  group  of  patients  fol- 


lowing upper  abdominal  surgery.  Patients  and  nor- 
mal subjects  breathed  through  resistors  (5-  to  15- 
mm  ID)  while  Vy,  Ve,  respiratory  frequency  (f),  in- 
spiratory flow,  and  inspiratory  time  were  measured. 
Weissman  et  aH  found  that  as  ID  diminished,  f  in- 
creased, Vy  decreased,  and  Vg  was  preserved.  They 
also  found  that  with  decreasing  ID.  there  was  a  con- 
comitant decrease  in  mean  inspiratory  flow  and  an 
increase  in  respiratory  duty  cycle  (ie,  inspiratory 
time). 

Bolder  et  al'  measured  WOBi  with  ETTs  (5-,  6-, 
7-,  8-,  9-,  and  lO-mm  ID)  in  a  lung  model  and  found 
a  34-154%  increase  with  a  1-mm  decrease  in  ID.  At 
similar  Vj  and  inspiratory  flow.  Bolder  et  aFs  val- 
ues for  WOBi  are  20  to  30%^  less  than  ours.  We  be- 
lieve that  placing  the  ETT  in  the  intubation  man- 
nequin results  in  increased  resistance  as  the  tube  tra- 
verses the  airway  structures.  This  finding  is  in 
concert  with  the  findings  of  Wright  et  al.'' 

In  unison,  these  studies  describe  the  potential 
danger  of  excessive  WOB  due  to  increased  resis- 
tance from  small  ETTs.'"*  The  authors  recommend 
use  of  the  tube  with  the  largest  possible  ID  and  warn 
of  imminent  problems  during  weaning  from  ventila- 
tory support  if  the  contribution  of  the  ETT  is  unap- 
preciated.'■' 

Our  clinical  observation  that  patients  occasional- 
ly wean  quickly  following  tracheostomy  resulted  in 
performance  of  this  study.  We  believe  that  the  rigid, 
short  length  of  the  TT  results  in  reduced  resistance 
compared  to  the  soft,  thermolabile  ETT,  which  is 
distorted  as  it  travels  through  the  upper  airway.  In 
our  laboratory  study,  we  found  a  significant  de- 
crease in  WOB|  with  TT,  particularly  at  high  inspi- 
ratory flow  demands.  These  differences  may  be 
more  pronounced  in  vivo  than  in  our  laboratory 
study  due  to  patient  temperature  and  the  presence  of 
.secretions. 

We  have  completed  a  pilot  study  measuring  ven- 
tilatory variables  in  patients  before  and  after  tra- 
cheostomy." This  study  demonstrated  a  small  de- 
crease in  the  mean  (SD)  WOB  per  breath,  1.04  (0.5) 
vs  ().cS5  (0.4)  .l/L,  and  a  decrease  in  auto-PEEP,  3.2 
(2)  vs  2.0  ( 1 .5)  cm  H^O."  However,  there  were  sig- 
nificant decreases  in  WOB/min,  12  (3)  vs  7.3  (2.0) 
J/min,  following  tracheostomy  (p  <  0.05)  and  expi- 
ratory airway  resistance  (Rawi-).  H)—  (7)  vs  6.1  (3.4) 
cmHiO-s'  •  L-'(p<0.0I). 
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The  TTs  and  ETTs  used  in  this  study  were  chosen 
because  they  were  available  on  all  emergency  air- 
way kits  in  University  Hospital.  The  differences  in 
ID  of  the  tubes  deserve  some  explanation.  Because 
a  certain  ratio  of  ID  to  outside  diameter  (OD)  must 
be  maintained  to  insure  integrity  of  the  tube,  a  size- 
6  TT  has  an  ID  of  7.00  mm,  whereas  a  size- 10  TT 
has  an  ID  of  9.0  mm.  In  this  study,  only  the  7-mm 
ETT  and  6-mm  TT,  and  8.5-mm  ETT  and  8-mm  TT 
have  equivalent  diameters.  However,  by  drawing  a 
line  between  datapoints  from  lowest  ID  to  highest 
ID  for  both  TT  and  ETT,  it  is  obvious  that  the  TT 
has  a  lower  WOBi.  Clinicians  should  be  aware  that 
while  the  number  of  an  ETT  is  equivalent  to  its  ID, 
the  same  is  not  true  for  TT. 

Our  results  support  the  work  of  others  (ie,  the  ar- 
tificial airway  can  contribute  to  ventilatory  ineffi- 
ciency due  to  increased  airway  resistance  and 
WOE).  Eliminating  ETT  resistance  can  be  accom- 
plished by  noninvasive  face  mask  ventilation'-"  or 
overcome  by  using  pressure  support'"*'"  or  trigger- 
ing the  ventilator  at  the  distal  tip  of  the  ETT.'^'**  Our 
findings  also  suggest  that  tracheostomy  may  pro- 
vide a  more  suitable  airway  and  aid  in  weaning  of 
selected  patients.  We  do  not  recommend  early  tra- 
cheotomy as  a  technique  to  decrease  the  WOB  but 
rather  suggest  that  in  patients  with  repeated  wean- 
ing failures  tracheotomy  may  be  considered  as  an 
adjunct  to  liberation  from  the  ventilator. 

More  recently,  Guttmann  et  al''^  have  developed  a 
computer-assisted  method  that  allows  ETT  resis- 
tance to  be  determined  from  the  known  pressure- 
flow  relationships  of  the  tubes,  proximal  airway 
pressure  and  inspiratory  flow.  This  allows  the  ven- 
tilator to  provide  the  required  level  of  pressure  to 
negate  WOBi.  All  of  these  methods  require  contin- 
ued mechanical  ventilatory  support.  This  study  was 
undertaken  to  compare  the  differences  in  WOBj 
during  spontaneous  breathing. 

PRODUCT  SOURCES 

Endotracheal  Tubes: 

Sheridan  Catheter,  Argyie  NY 

Tracheostomy  Tubes: 

Shiley  low  pressure  cuffed  tracheostomy  tubes.  Shiley  Inc. 
Irvine  CA 

Intubation  Mannequin: 

Adult  Intubation  Model.  Laerdal  Medical  Corp,  Tuckahoe 
NY 


Monitor: 

VenTrak  Respiratory  Monitor,  Novametrix,  Wallingford  CT 

Pressure  Transducer: 

#143  PC03D.  Honeywell,  Dayton  OH 

Statistical  Software: 

SPSS/PC+,  SPSS  Inc.  Chicago  IL 

Test  Lung: 

TTL,  Michigan  Instruments,  Grand  Rapids  MI 

Ventilator: 

Puritan-Bennett  7200ae,  Puritan-Bennett  Corp,  Carlsbad 
CA 
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Evaluation  of  a  Prototype  Expiratory-Phase  Aerosol  Controller 
during  Simulated  Pediatric  Volume-Controlled  Ventilation 

Jim  Keenan  BS  RRT  and  John  W  Salyer  BS  RRT 


BACKGROUND:  Some  methods  of  administering  aerosolized  medications  during 
volume-controlled  ventilation  require  adjusment  of  ventilator  settings  to  avoid  in- 
advertent increases  in  tidal  volume  (Vx).  Our  bench  evaluation  of  an  expiratory- 
phase  aerosol  controller  (EXPAC)  sought  to  determine  the  differences  (1)  in 
aerosol  delivery  between  continuous  and  EXPAC  nebulization  in  pediatric  and 
neonatal  ventilator  circuits  and  (2)  in  delivered  Vj  with  a  30-cm  vs  a  213-cm  neb- 
ulizer supply  line.  DESCRIPTION  OF  DEVICE:  An  electrically  powered  EXPAC 
linked  to  the  VIP  Bird  ventilator  by  a  fiberoptic  cable  and  driven  by  flow  from  an 
integral  blender  was  developed  to  our  performance  specifications.  EVALUA- 
TION METHODS:  In  Phase  1,  Vx  was  measured  at  the  patient  connection  under 
3  conditions:  (1)  no  nebulizer  in-line,  (2)  a  dry  in-line  nebulizer  driven  by  EXPAC 
with  a  30-cm  supply  line,  and  (3)  Condition  2  with  a  213-cm  supply  line.  In  Phase 
2,  we  measured  the  aerosol  delivered  to  a  filter  placed  between  the  patient  connec- 
tor and  the  test  lung.  Aerosol  delivery  =  filter  wet  weight  -  filter  dry  weight.  RE- 
SULTS: ( 1 )  When  EXPAC  was  operated  according  to  manufacturer's  recommen- 
dations, no  significant  differences  were  found  between  Vxs  measured  with 
EXPAC  plus  the  30-cm  line  and  with  no  nebulizer  in-line. Vx  increased  significant- 
ly (p  =  0.0001.  1-way  ANOVA)  in  both  circuits  with  the  213-cm  supply  line.  (2) 
Mean  (SD)  aerosol  delivery  at  the  patient  connection  of  the  pediatric  circuit  was 
1.5  (0.002)  %  with  EXPAC  and  1.7  (0.003)  %  with  continuous  nebulization  (p  = 
0.23,  t  test)  and  of  the  neonatal  circuit  1.6  (0.002)  %  with  EXPAC  and  1.5  (0.002) 
%  with  continuous  nebulization  (p  =  0.45,  t  test).  CONCLUSIONS:  EXPAC  elim- 
inated need  for  adjustment  of  ventilator  settings  and  according  to  our  data  was  as 
effective  as  continuous  nebulization  for  delivering  aerosol  to  the  patient  connec- 
tion. [RespirCare  l994;39(6):617-622.] 


Background 

The  administration  of  nebulized  medications  to 
infants  and  children  during  mechanical  ventilation 
has  become  a  widespread  practice.'  Many  tech- 
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Children's  Medical  Center.  100  North  Medical  Dr,  Salt  Lake 
CityUT  84113. 


niques  have  been  described,  but  it  is  reported  that 
more  than  50%  of  neonatal  and  pediatric  applica- 
tions involve  placing  a  nebulizer  into  the  mechani- 
cal ventilator  circuit.'  This  technique  has  been 
shown  to  be  at  least  as  effective  as,  if  not  better 
than,  the  use  of  manual  ventilation  during  the  proce- 
dure.*-' When  a  continuous-flow  aerosol  is  adminis- 
tered in-line  with  the  ventilator  circuit  (ie,  flow 
through  the  circuit  during  inspiration  and  exhala- 
tion), ventilator  function  is  affected."  With  a  volume 
ventilator,  adjustments  to  tidal  volume  (Vx)  must  be 
made  to  prevent  inadvertent  increases  because,  in 
some  cases,  nebulizer  flow  increases  Vt.  These  in- 
advertent increases  in  Vt  can  be  clinically  impor- 
tant.5-* 
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One  way  that  clinicians  have  dealt  with  this  diffi- 
culty is  to  manually  adjust  the  ventilator  so  that  Vt 
remains  constant  during  the  treatment.  Unfor- 
tunately, if  the  clinician  fails  to  make  this  adjust- 
ment either  before  or  after  the  aerosol  is  given,  inad- 
vertent increases  (during  the  treatment)  or  decreases 
(after  the  treatment)  in  Vt  will  occur.  Reducing  Vj 
may  cause  elevation  of  PuCO:-  Increasing  Vj  places 
the  patient  at  risk  for  volutrauma.  In  our  experience, 
many  clinicians,  from  recent  graduates  to  experi- 
enced practitioners,  have  made  these  errors. 

Another  possible  solution  for  this  problem  is  a 
system  designed  so  that  nebulization  occurs  only 
during  the  expiratory  phase  of  the  ventilator  cycle. ^ 
When  inspiration  begins,  the  volume  of  gas  in  the 
inspiratory  limb  of  the  ventilator  circuit,  acting  as 
an  inspiratory  aerosol  reservoir,  is  charged  with 
aerosol  particles.  No  additional  flow  is  added  to  the 
circuit  because  nebulization  .stops  when  inspiration 
begins.  It  has  previously  been  shown  that  placement 
of  the  nebulizer  in  the  inspiratory  limb  some  dis- 
tance from  the  patient  connection  improves  aerosol 
delivery  in  both  adult  and  pediatric  circuit  configu- 
rations.'*'^ 

The  development  of  expiratory-phase  nebuliza- 
tion technology  for  the  Servo  900C  ventilator  was 
reported  in  a  study  conducted  by  Dahlbach  et  al.^ 
However,  this  application  requires  extensive  elec- 
tromechanical modifications  of  the  ventilator  and 
further,  in  our  experience,  the  90()C  is  not  well  suit- 
ed for  volume  ventilation  of  spontaneously  breath- 
ing pediatric  patients  who  weigh  <  15  kg,  presum- 
ably because  of  the  demand  valve's  relatively  slow 
response  time.'"" 

Description  of  Device 

A  prototype  expiratory-phase  aerosol  controller 
(EXPAC)  was  developed  based  on  our  request  and 
recommended  performance  specifications  using  a 
commercially  available  inspiralory-phase  aerosol 
controller.'*-  This  HXPAC  is  electrically  powered 
and  pneumatically  driven  by  gas  flow  from  the  ven- 
tilator's integral  blender.  Flow  range  is  2-9  L/min 
and  can  be  adjusted  to  regulate  aerosol  output  and  to 


^Manufacturers  and  suppliers  arc  idciuilK-d  in  llic  I'roduci 
.Sources  section  at  the  end  of  the  text. 


accommodate  a  variety  of  manufactured  updraft 
aerosol  nebulizers.  EXPAC  is  used  to  administer 
aerosol  to  mechanically  ventilated  patients  and  op- 
erates only  during  the  expiratory  phase  of  a  me- 
chanical breath.  EXPAC  functions  with  the  VIP 
Bird  ventilator  using  a  fiberoptic  transmission 
cable.  We  report  the  results  of  a  study  of  aerosol  de- 
livery using  a  prototype  EXPAC  in  a  bench  model 
of  pediatric  mechanical  ventilation. 

Evaluation  Methods 

Two  circuit  configurations  were  used — neonatal 
and  pediatric.  These  configurations  correspond  to 
our  clinical  practice,  in  which  we  use  the  neonatal 
circuit  for  patients  who  require  Vj  <  100  mL  and 
the  pediatric  circuit  for  those  who  need  Vj  >  100 
mL.  The  disposable  neonatal  circuit  is  120  cm  long 
and  is  made  of  1 -cm-diameter  corrugated  plastic 
tubing  with  a  compressible  volume  of  0.83  mL/cm 
H2O.  The  disposable  pediatric  circuit  is  120  cm 
long  and  is  made  of  1.5-cm-diameter  corrugated 
plastic  tubing  with  a  compressible  volume  of  1.20 
mL/cm  H2O.  Both  circuits  contained  heating  wires 
in  both  their  inspiratory  and  expiratory  limbs,  but 
the  circuits  were  not  heated  during  the  experiments. 
The  same  nebulizer  was  used  during  all  experiments 
to  avoid  the  influence  of  variability  that  may  have 
existed  ainong  nebulizers  on  our  measurements.'-''' 
We  used  6  L/min  flow  from  the  ventilator's  internal 
flowmeter  and  therefore  were  able  to  maintain  the 
same  Fio:-  In  all  experiments,  a  humidifier  was 
placed  in  the  circuit  but  was  not  filled  with  water  or 
powered,  so  that  water  vapor  from  the  huinidifier 
would  not  add  to  the  saturation  of  the  filter  and  give 
a  falsely  high  aerosol  delivery  value  when  the  filter 
was  weighed.  In  our  hospital,  when  in-line  aerosols 
are  adininistered,  the  humidifier  is  placed  in  stand- 
by mode  as  recominended  by  the  manufacturer.  The 
standby  mode  disables  the  servo  tnechanism  and 
maintains  the  temperature  in  the  humidifier  between 
32°  and  36"  C. 

Pha.se  1 

The  manufacturer  of  EXPAC  recommends  that 
the  gas-supply  tubing  be  less  than  30-cm  long.  They 
believe  that  Vj  may  increase  markedly  with  a 
longer  supply  line  because  it  has  the  capacity  to 
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Volume-Controlled  Ventilator  Test  Conditions  for 
Neonatal  and  Pediatric  Circuit  Configurations  during 
Phase  1:  Tidal  Volume  (Vj)  Measurements 


Ventilator  Variables 

Neonatal  Circuit 

Pediatric  Circuit 

Rate  (breaths/min) 

20 

8 

Set  Vj  (mL) 

80 

210 

Compressible  volume 

(mL/cniHiO) 

0.83 

1.20 

Flow  (L/min) 

10 

16 

ti(s) 

0.5 

0.8 

PEEP  (cm  H:0) 

4 

4 

hold  a  measurable  volume  of  gas  under  pressure 
during  the  expiratory  phase.  Therefore,  we  decided 
to  test  the  company's  recommendation  and  specula- 
tion by  comparing  Wj  using  a  30-cm  and  a  213-cm 
length  of  supply  tubing  on  both  the  neonatal  and  pe- 
diatric configurations.  Table  1  lists  the  ventilator 
settings  used  for  each  circuit  configuration  during 
Phase  1  of  our  study.  We  sought  to  determine 
whether  Vj  remained  constant  (with  no  manipula- 
tion of  the  ventilator  settings)  when  a  nebulizer  was 
placed  in  the  inspiratory  limb  of  the  ventilator  cir- 
cuit and  driven  by  EXPAC  with  a  30-cm  supply  line 
and  then  with  a  213-cm  supply  line.  The  latter  is 
that  normally  supplied  with  the  nebulizer.  All  other 
conditions  were  held  constant  throughout  Phase  1  of 
the  study. 


Delivered  Vy  was  measured  6  times  at  each  ex- 
perimental condition,  using  a  resistive-orifice  pneu- 
motachometer  linear  over  0-35  L/min  flow.'"*  The 
pneumotachometer  was  calibrated  volumetrically 
before  each  run  using  a  2-point  calibration.  During 
this  phase,  the  nebulizer  was  operated  diy  to  avoid  con- 
densation of  the  aerosol  on  the  pneumotachometer 
screens.  The  experimental  setup  is  shown  in  Figure  1. 

Phase  2 

During  Phase  2,  the  delivery  of  aerosolized  solu- 
tion to  the  filter  at  the  patient  connection  was  com- 
pared using  both  types  of  nebulization  in  both  a  pe- 
diatric and  neonatal  circuit  configuration. 
Experimental  set  up  was  as  in  Phase  1  (Fig.  i ).  A 
filter,  capable  of  trapping  particles  >  0.02  jA  in 
size,'^  was  weighed  and  then  placed  between  the  pa- 
tient connection  and  the  test  lung.  The  nebulizer 
was  weighed  empty  and  then  again  after  the  addi- 
tion of  3.0  mL  of  normal  saline  and  0.5  mL  of  al- 
buterol sulfate.  It  was  placed  in  the  inspiratory  limb 
of  the  circuit  at  the  outflow  connection  of  the  hu- 
midifier and  was  run  either  continuously  (conven- 
tional method)  or  during  the  expiratoi^  phase  only 
(using  EXPAC)  until  the  cup  was  dry  (ie,  there  was 
no  audible  or  visual  evidence  of  continued  nebuliza- 


EXPAC       Ventilator 


Supply 
Tubing 


Pneumotachometer 
Filter 


Fig.  1.  Schema  of  the  ventilator-fest 
lung  configuration  used  to  measure 
aerosol  delivery  and  tidal  volume. 


Expiratory 
Limb 
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tion)  for  a  period  of  at  least  30  seconds.  The  nebu- 
lizer was  periodically  tapped  and  shaken,  as  we  do 
clinically,  to  cause  droplets  that  adhere  to  the  side  to 
fall  to  the  bottom  of  the  cup.'^  Flow  was  stopped 
when  nebulization  was  complete  and  the  filter  was 
removed  and  weighed.  Percent  delivered  was  calcu- 
lated. 

(delivered/deliverable)  x  100%  =  %  delivered, 

where  deliverable  aerosol  =  [nebulizer  dry  -  nebulizer 
with  dose]  and  delivered  aerosol  =  [filter  weight  pre  - 
filter  weight  post  nebulization]. 

This  procedure  was  repeated  5  times  for  each  test 
condition  (continuous  nebulization  vs  EXPAC) 
using  two  circuit  configurations  (pediatric  and 
neonatal).  The  specific  ventilator  settings  for  both 
test  conditions  are  given  in  Table  2. 

Table  2.  Volume-Controlled  Ventilator  Test  Conditions  for 
Neonatal  and  Pediatric  Circuit  Configurations  during 
Phase  2:  Aerosol  Delivery 


Ventilator  Variable 

Neonatal  Circuit 

Pediatric  Circuit 

Rate  (breaths/min) 

18 

12 

SetVT(mL) 

80 

300 

Compressible  volume 

(mL/cm  H2O) 

0.83 

L20 

Flow  (L/min) 

10 

23 

ti(s) 

0.5 

0.8 

PEEP  (cm  H2O) 

4 

4 

Statistical  Analysis 


tion  were  compared  using  a  one-way  analysis  of 
variance  for  each  circuit  configuration.'^ 

During  Phase  2,  aerosol  delivery  was  estimated 
by  weighing  the  filters  before  and  after  nebuliza- 
tion. The  means  of  5  measurements  taken  with  each 
aerosol  delivery  mode  were  compared  to  each  other 
using  an  independent  t  test  for  each  circuit  configu- 
ration. Null  hypotheses  were  rejected  when  the 
probability  of  rejecting  a  true  null  was  <  0.05. 

Evaluation  Results 

Tables  3  and  4  contain  our  results.  In  Phase  1 ,  we 
found  that  when  the  30-cm  supply  line  was  used 
with  EXPAC,  there  were  no  clinically  important  or 
statistically  significant  differences  in  V-j-  between 
that  delivered  without  the  nebulizer  in-line  and  that 
when  EXPAC  was  operating.  However,  EXPAC 
with  a  213-cm  supply  line  resulted  in  a  statistically 
significant  increase  in  Vj  from  that  delivered  with- 
out the  in-line  nebulizer  of  33  and  40%  for  the  pedi- 
atric and  neonatal  circuits,  respectively  (p  =  0.0001, 
both  configurations).  These  values  for  both  circuit 
configurations  are  given  in  Table  3. 

In  Phase  2,  we  found  no  statistically  significant 
or  clinically  important  difference  in  the  absolute 
weight  of  aerosol  delivered  to  the  patient  connec- 
tion whether  the  nebulizer  was  operated  continuous- 
ly or  only  during  the  expiratory  phase  (p  >  0.05. 
both  configurations).  These  data  are  presented  in 
Table  4. 


In  Phase  1,  Vy  was  measured  without  nebuliza- 
tion and  during  expiratory-phase  nebulization,  with 
both  short  and  long  nebulizer  gas-supply  lines. 
Mean  values  of  6  measurements  under  each  condi- 


Discussion 

Our  study  shows  that  the  u.se  of  expiratory-phase 
nebulization  has  no  effect  on  Vj  when  compared  to 


Table  3.    Results  of  Phase  1:  Measured  Tidal  Volume  (Vj)  under  Three  Conditions — Data  Are  Mean  (SD)  in  mL 


Condition  1" 


Condition  2t 


Condition  3$ 


p  Values 


Neonatal  circuit 


Pediatric  circuit 


•Condition  I —  no  nebulizer  in-line. 
tCondition  2 — nebulizer  in-line  with  3()-cm  supply  line. 
tCondition  3 — nebulizer  in-line  with  21.1-cni  supply  line. 
§  I  -way  analysis  of  variance. 


63.0 

66..') 

93.3 

(0.63) 

(2.07) 

(0.816) 

181.0 

187.0 

214.8 

(0.63) 

(I.IO) 

(0.41) 

0.0001 
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Table  4.  Results  of  Phase  2:  Change  in  Filter  Weight  (g)  as  a 
Result  of  Continuous  vs  Expiratory  Nebulization — 
Data  Are  Mean  (SD) 


Circuit 


Continuous         Expiratory 
Nebulization     Nebulization      p  Value* 


Neonatal 


Pediatric 


0.051 

0.056 

(0.008) 

(0.007) 

0.058 

0.052 

(0.009) 

(0.006) 

0.45 


0.26 


♦Independent  /  test  (2-side). 


Vt  delivered  when  no  nebulizer  is  in-line.  An 
EXPAC  is  more  convenient  compared  to  the  more 
common  method  of  continuous-flow  nebulization 
because  no  ventilator  adjustments  are  necessary. 
The  possibility  of  failing  to  adjust  the  ventilator  set- 
tings (risking  volutrauma  or  hypoventilation)  before 
or  after  the  aerosol  treatment  is  eliminated.  The 
presence  of  an  integral  blender  enables  delivery  of  a 
consistent  Fjo:-  Based  on  these  findings,  we  specu- 
late that  EXPAC  improves  patient  safety  during  in- 
line aerosol  administration. 

Indeed,  Dahlback  and  colleagues^  report  the  use 
of  an  expiratory-phase  nebulizer  controller  with  a 
modified  Servo  900C.  Some  pediatric  ventilator 
manufacturers  have  addressed  this  problem  in  an- 
other fashion.  The  Newport  Wave  has  the  ability  to 
provide  inspiratory-phase  aerosol  nebulization  in 
the  volume  mode.  No  ventilator  adjustments  are  re- 
quired because  some  of  the  ventilator's  set  flow  is 
rerouted  to  drive  the  nebulizer  during  inspiration  so 
the  total  flow  is  not  changed.  The  Newport  Breeze 
is  supplied  with  an  auxiliary  flowmeter  to  provide 
the  same  Fjo:  but,  as  with  any  additions  of  flow  into 
the  circuit,  ventilator  adjustments  must  be  made  to 
prevent  inadvertent  increases  in  Vt. 

The  design  of  EXPAC  is  such  that  the  use  of  a 
gas-supply  tube  longer  than  30  cm  may  cause  a  clin- 
ically important  increase  in  Vx.  We  included  a  213- 
cm  supply  line  in  our  study  because  this  was  the 
standard  tubing  length  that  is  supplied  with  the 
brand  of  disposable  hand-held  nebulizer  we  use.  In 
view  of  these  data,  we  do  not  recommend  the  use  of 
a  supply  line  longer  than  30  cm. 

Rau  and  Harwood-  reported  that  only  1.68%  of 
nebulized  medication  was  delivered  to  the  end  of 
the  endotracheal  tube,  as  compared  to  our  findings 


of  1.5-1.7  %  delivery.  Maclntyre  reported  a  deposi- 
tion of  2.9%  in  an  adult  in- vitro  study. '^  However, 
these  comparisons  must  be  interpreted  cautiously 
because  of  important  methodologic  differences 
among  our  studies.  For  example,  we  measured  de- 
livery at  the  patient  connection,  whereas  Rau  and 
Harwood'  measured  it  at  the  distal  end  of  the  endo- 
tracheal tube.  Becaue  of  this,  one  would  expect  that 
the  proportion  of  aerosol  delivered  in  our  study 
would  be  considerably  higher  than  theirs.  However, 
the  placement  of  our  nebulizer  at  the  humidifier  out- 
let, which  was  necessary  to  charge  the  inspiratory 
circuit  with  aerosol,  dictated  that  the  aerosol  tra- 
verse the  entire  length  of  the  inspiratory  circuit  and 
may  have  contributed  to  loss  of  aerosol  by  conden- 
sation. 

We  believe  that  in-line  nebulization  is  generally 
superior  to  manual  ventilation  for  aerosol  adminis- 
tration. Deposition  notwithstanding,  manual  venti- 
lation may  be  poorly  tolerated  by  patients.  Some  ev- 
idence suggests  that  deposition  with  in-line  aerosol 
administration  is  at  least  equivalent  to  that  with 
manual  ventilation.* 

Although  not  an  a  priori  hypothesis,  we  observed 
that  administration  time  was  longer  when  EXPAC 
was  used  and  appeared  to  vary  directly  with  me- 
chanical breathing  rate  (and  therefore  inversely  with 
expiratory  time).  However,  at  a  set  rate  of  20 
breaths/min,  administration  time  was  less  than  15 
minutes. 

One  limitation  of  our  model  was  that  it  did  not 
mimic  a  spontaneously  breathing  patient;  thus,  we 
are  unable  to  speculate  on  the  performance  of 
EXPAC  in  such  patients.  However,  we  do  speculate 
that  the  percentage  of  aerosolized  medications  de- 
posited at  the  patient  connection  would  vary  direct- 
ly with  spontaneous  respiratory  rate. 

We  did  not  test  EXPAC  in  an  adult  model  and  it 
may  be  suitable  only  for  pediatric  patients.  With 
adult  patients,  the  aerosol-laden  bolus  of  gas  in  the 
inspiratory  limb  of  the  circuit  would  surely  be  less 
than  Vt  and  the  volume  of  gas  in  the  inspiratory 
limb  must  be  >  Vt  for  both  mechanical  and  sponta- 
neous breaths  to  be  fully  saturated  with  aerosol.'' 

A  comprehensive  discussion  of  the  factors  that 
influence  aerosol  delivery  and  deposition  during  the 
administration  of  aerosols  with  mechanical  ventila- 
tors is  beyond  the  scope  of  this  paper.  We  refer  the 
reader  to  Hess'  recent  review  of  this  topic.'' 
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Conclusions 

The  use  of  this  prototype  EXPAC  in  conjunction 
with  pediatric  applications  of  volume-controlled 
ventilation  could  accomplish  some  important  objec- 
tives: ( 1 )  It  could  permit  the  insertion  of  an  in-line 
nebulizer  without  requiring  an  adjustment  in  set  Vj 
or  F|0:  as  long  as  the  30-cm  supply  tubing  is  used 
and  (2)  it  would  deliver  aerosol  to  the  patient  con- 
nection at  least  as  efficiently  as  continuous  nebu- 
lization  in  our  model.  The  presence  of  humidity 
may  affect  aerosol  delivery  differently  with  the  two 
systems.  However,  broad  conclusions  about  the  per- 
formance of  these  aerosol  controllers  cannot  be  de- 
rived from  our  experience,  but  instead  require  test- 
ing of  a  number  of  production  models  of  this  device. 

PRODUCT  SOURCES 

Ventilators: 

VIP  Bird.  Bird  Products  Corp,  Palm  Springs  CA 
Servo  900C.  Siemens-Elema,  Schaumburg  IL 
Newport  Wave  and  Newport  Breeze,  Newport  Medical 
Instruments  Inc.  Newport  Beach  CA 

Aerosol  Controller: 

Bird  Products  Corp.  Palm  Springs  CA 

Humidifier: 

Fisher  &  Paykel.  Model  700.  Auckland.  New  Zealand 

Nebulizer: 

Marquesi  Whisper  Jet  Nebulizer.  Marquest  Medical 
Products,  Englewood  CO 

Ventilator  Circuits: 

Isothermal  Industries.  Riverside  CA 

Air/Oxygen  Blender: 

Bird  Products  Corp.  Palm  Springs  CA 

Filter: 

BB-50T,  Pall  Biomedical  Inc.  Hast  Hills  NY 

Volume  Measuring  Device: 

SlarCaic.  Infrasonics  Inc.  San  Diego  CA 

Statistical  Software: 

Statvicw  v.2.0.  Abacus  Concepts.  Berkeley  CA 
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Expiratory  Hold  vs  Clamping/Transducing  for  Intrinsic  PEEP 
Determination  in  the  Siemens  900C 

Deborah  Madsen  RRT,  Kelly  Jager  RRT,  John  Fenwick  MD,  and  Martin  Tweeddale  MB 

BACKGROUND:  Various  investigators  have  commented  on  tlie  possible  underes- 
timation of  intrinsic  PEEP  (PEEP;)  when  the  expiratory  hold  function  on  micro- 
processor ventilators  equipped  with  high-compressible-volume  circuits  is  used. 
Although  several  ventilators  incorporate  this  method  of  measuring  PEEPi,  com- 
parisons with  other  accepted  methods  have  been  infrequent.  METHODS:  In  an 
in-vitro  lung  model,  we  examined  the  difference  between  the  clamping/transduc- 
ing method  and  the  use  of  the  expiratory  hold  function  of  the  Siemens  900C  venti- 
lator equipped  with  a  low -compressible- volume  circuit.  Seven  different  PEEPi 
levels  ranging  from  3-26  cm  H2O  were  generated  through  random  alterations  in 
minute  ventilation  and  inspiratory  to  expiratory  ratio.  For  each  method  the  mea- 
surement was  repeated  three  times  at  each  level  of  PEEPj.  Data  analysis  was  per- 
formed employing  the  technique  of  Bland.  RESULTS:  The  mean  (SD)  difference 
between  the  two  methods  was  -0.13  (1.14)  cm  H2O.  a  value  close  to  zero  showing 
good  agreement  between  the  two  methods.  The  mean  difference  between  the  two 
methods  did  not  increase  as  PEEPi  increased.  The  maximum  difference  between 
the  two  methods  of  determining  PEEPi  la.V  within  ±2  standard  deviations  of  the 
mean,  that  is,  within  ±2.28  cm  H2O.  This  value  is  within  a  predetermined  clinical- 
ly acceptable  range  of  ±2.5  cm  HiO.  CONCLUSION:  In  this  laboratory  study,  we 
found  no  significant  difference  in  the  results  obtained  with  PEEPi  measurement 
using  the  clamping/transducing  method  and  with  the  expiratory  hold  function  of 
the  Siemens  900C  ventilator  when  the  ventilator  is  equipped  with  a  low-compress- 
ible-volume circuit.  [RespirCare  1994;39(6):623-626.] 


Introduction 

Intrinsic  PEEP  (PEEPj)  is  an  unintentional  posi- 
tive end-expiratory  pressure  at  the  alveolar  level 
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that  develops  in  patients  receiving  mechanical  ven- 
tilation when  time  for  exhalation  is  inadequate.' 
Potential  adverse  effects  of  PEEP;  include  barotrau- 
ma, hemodynamic  compromise,  misinterpretation 
of  central  venous  pressures,  increased  work  of 
breathing,  and  miscalculation  of  respiratory  system 
compliance.'-  The  detection  and  accurate  measure- 
ment of  PEEPj  are  therefore  crucial  for  the  optimal 
management  of  patients  receiving  mechanical  venti- 
lation. 

Techniques  employed  for  the  detection  and  mea- 
surement of  PEEPj  include  the  clamping/transduc- 
ing method  and  the  use  of  the  expiratory  hold  func- 
tion on  third-generation  ventilators.-  Grootendorst 
et  al-'  found  a  significant  underestimation  of  PEEPj 
as  measured  by  the  expiratory  hold  function  of  the 
Siemens  300  ventilator  when  compared  with  the 
clamping/transducing  method.  This  underestima- 
tion of  PEEPj  was  attributed  to  the  high-compress- 
ible-volume circuit  of  the  Siemens  300  ventilator 
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used  in  their  study.  Our  clinical  impression  has  been 
that  this  underestimation  of  PEEPj  is  not  seen  when 
low-compressible-volume  circuits  are  employed 
with  the  Siemens  900C  ventilator.  To  confirm  our 
clinical  impression  we  therefore  examined,  in  an  in- 
vitro  lung  model,  the  difference  between  the  mea- 
surement of  PEEPi  obtained  by  the  clamping/trans- 
ducing method  and  by  the  expiratory  hold  function 
of  the  Siemens  900C  ventilator  equipped  with  a 
low-compressible-volume  circuit. 


^To  cardiac 
monitor/recorder 


Methods 


Materials 


A  Siemens  900C  ventilator  with  a  low-compress- 
ible-volume circuit  having  a  measured  compliance 
of  1.8  mL/cm  H2O  was  connected  to  a  test  lung 
(Vent  Aid,  Michigan  Instruments,  Grand  Rapids 
MI)  via  an  8.5-mm  endotracheal  tube.  The  humidi- 
fier was  turned  off  for  the  study.  A  #7.7  parabolic 
resistor  (Pneuflo,  Michigan  Instruments)  was 
placed  on  each  bronchus  of  the  test  lung  to  mimic  a 
patient  with  increased  airways  resistance.  The  com- 
pliance of  the  test  lung  was  set  at  either  50  or  80 
mL/cm  H2O,  and  seven  different  PEEPj  levels  rang- 
ing from  3  to  26  cm  H2O  were  generated  by  random 
alterations  in  minute  ventilation  and  inspiratory-to- 
expiratory  ratio. 

Protocol 

PEEPj  was  measured  using  both  the  clamp- 
ing/transducing method  and  the  expiratory  hold 
function  of  the  ventilator.  For  the  measurement  of 
PEEPj  by  the  clamping/transducing  method,  airway 
pressures  were  transduced  at  the  flex  tube  via  an  18- 
cm  length  of  pressure  tubing  connected  to  a  dispos- 
able pressure  transducer  (TXXX-R,  Canadian 
Cardiovascular,  Ontario,  Canada)  and  displayed  on 
a  cardiac  monitor/recorder  (Fig.  1).  The  transducer 
was  referenced  to  atmospheric  pressure  and  zeroed 
prior  to  each  set  of  measurements.  The  flex  tube 
was  manually  clamped  at  end-exhalation,  and 
PEEP,  was  obtained  from  paper  recordings  of  end- 
expiratory  airway  pressure.  Acceptable  PEEP,  mea- 
surements required  clamping  of  the  tlcx  tube  within 
0.2  seconds  of  end-exhalation  and  the  recording  of  a 
clearly  defined  airway  pressure  plateau  (Fig.  2).  The 
measurement  was  repeated  three  times  at  each  level 


Test  lung 

Fig.  1.  For  the  measurement  of  PEEP,  by  the 
clamping/transducing  method,  the  flex  tube  was  manually 
clamped  at  end-exhalation  and  PEEP,  was  obtained  from 
paper  recordings  of  end-expiratory  airway  pressure. 

of  PEEPj  with  a  2-minute  interval  between  each 
measurement. 

For  the  measurement  of  PEEPj  using  the  expira- 
tory hold  function  of  the  ventilator,  the  manometer 
was  first  calibrated  as  outlined  in  the  Siemens  900C 
operating  manual.'*  At  each  level  of  PEEPj  generat- 
ed, the  expiratory  hold  button  was  depressed  for  4 
seconds  and  the  PEEP,  was  read  from  the  ventilator 
manometer  and  recorded.  The  measurement  was  re- 
peated three  times  at  each  level  of  PEEPj  with  a  2- 
minute  interval  between  each  measurement. 

Data  Analysis 

For  each  measurement  of  PEEPj,  the  difference 
between  the  values  obtained  by  each  method  was 
calculated  and  plotted  against  the  mean  of  the  same 
two  values,  as  described  by  Bland. "^  Two  conditions 
must  be  met  for  the  two  methods  of  PEEPj  measure- 
ment to  be  considered  equivalent.  First,  the  mean 
difference  for  all  estimates  of  PEEPj  must  be  close 
to  zero,  and  second,  the  standard  deviation  of  the 
mean  difference  must  be  small  enough  that  all  data 
points  be  within  a  clinically  acceptable  range.  A  dif- 
ference between  the  two  methods  of  PEEPj  mea- 
surement of  ±2.5  cm  H2O  was  considered  clinically 
acceptable. 

Results 

The  mean  (SD)  difference  between  the  two  meth- 
ods of  PEEPj  measurement  was  -0.13  (1.14)  cm 
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Fig.  2.  Paper  recording  of  airway 
pressure  versus  time  for  a  single  trial 
of  PEEP,  measurement  by  the  clamp- 
ing/transducing method.  An  accept- 
able PEEP,  measurement  required 
clamping  of  the  flex  tube  within  0.2 
seconds  of  end-exhalation  and  the 
recording  of  a  clearly  defined  airway 
pressure  plateau. 


Time  (s) 


H2O  with  a  95%  confidence  interval  of  -0.64  to 
0.39  (Table  1 ).  This  value  was  close  to  zero,  indicat- 
ing good  agreement  between  the  two  methods.  The 
mean  difference  between  the  two  methods  of  mea- 
surement did  not  increase  as  the  PEEFj  increased. 
The  maximum  difference  between  the  two  methods 
of  determining  PEEPi  lay  within  ±2  standard  devia- 
tions of  the  mean,  that  is,  within  ±2.28  cm  H2O 
(Fig.  3).  This  value  is  within  our  predetermined 
clinically  acceptable  range  of  ±2.5  cm  H2O. 

Discussion 

The  major  finding  of  this  study  is  that  there  is  no 
difference  between  the  measurement  of  PEEPj 
using  the  clamping/transducing  method  and  the  ex- 
piratory hold  function  of  the  Siemens  900C  ventila- 


■        ■  ■        • 


IVlean  (cm  H2O) 

Fig.  3.  The  difference  between  the  values  obtained  by 
each  method  of  PEEP,  measurement  plotted  against  the 
mean  of  the  same  two  values.  The  mean  difference  be- 
tween the  two  methods  is  identified  by  the  thick  solid  line. 
The  dotted  lines  identify  the  2  standard  deviation  values 
above  and  below  the  mean. 


tor  when  the  ventilator  is  equipped  with  a  low-com- 
pressible-volume circuit  ( 1 .8  mL/cm  H2O). 

We  are  unaware  of  any  other  laboratory  study 
comparing  these  two  methods  of  PEEP,  measure- 
ment. In  a  clinical  study  of  5  patients  with  lung 
compliances  ranging  from  8  to  20  mL/cm  H2O, 
Grootendorst  et  al^  found  a  significant  underestima- 
tion of  PEEPj  as  ineasured  by  the  expiratory  hold 
function  of  the  Siemens  300  ventilator  when  com- 
pared with  the  clamping/transducing  method.  This 
underestimation  of  PEEPj  was  attributed  to  the 
high-compressible- volume  circuit  (6  to  8  mL/cm 
H2O)  used  in  their  .study.  Our  finding  no  difference 
between  the  two  methods  of  PEEP,  measurement 
with  the  use  of  a  low-compressible-volume-circuit 
supports  this  conclusion.  However,  our  use  of  a 
Siemens  900C  ventilator  and  the  higher  compliance 
range  of  our  test  lung  could  also  account  for  the  dif- 
ference between  our  results  and  theirs.  Because  the 
Siemens  300  and  900C  ventilators  have  identical 
expiratory  hold  mechanisms,  this  cannot  account 
for  the  different  findings.-*  Although  our  test-lung 
compliance  was  significantly  higher  than  the  lung 
compliances  of  the  patients  studied  by  Grootendorst 
et  al,  we  generated  PEEPi  levels  as  high  as  26  cm 
H2O  and  found  no  increase  in  the  mean  difference 
between  the  two  methods  of  measurement  even  at 
these  high  PEEPj  levels.  In  addition,  preliminary 
clinical  work  suggests  that  this  laboratory  finding 
also  applies  in  patients  with  lung  compliances  in  the 
range  studied  by  these  investigators. 

Use  of  the  expiratory  hold  function  of  the 
Siemens  900C  ventilator  has  several  advantages 
over  the  clamping/transducing  method  for  the  mea- 
surement of  PEEPj.  First,  far  less  time  is  required 
for  obtaining  a  measurement,  usually  less  than  5 
seconds.  Second,  human  error  is  avoided  as  the  in- 
spiratory/expiratory  scissors  automatically  close  at 
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Table  1 .    Values  of  Intrinsic  PEEP  by  Two  Methods,  Means  of  and  Differences  between  Those  Values 


Method 


Trial  Number 


Clamping/Transducing 


Expiratory  Hold 


Mean 


Difference 


la 
lb 
Ic 
2a 
2b 
2c 
3a 
3b 
3c 
4a 
4b 
4c 
5a 
5b 
5c 
6a 
6b 
6c 
7a 
7b 
7c 


15 
14 
14 
09 
9.5 
09 
3.4 
3.4 
3.4 
5.0 
5.0 
5.0 
15 
12 
15 
26 
24 
26 
16 


14 
14 
13 
10 
10 
09 
4.0 
4.0 
4.0 
5.0 
6.0 
6.0 
13 
13 
14 
25 
23 
24 
18 
18 
17 


14.5 
14.0 
13.5 
9.5 
9.75 
9.0 
3.7 
3.7 
3.7 
5.0 
5.5  ' 
5.5 
14 
12.5 
14.5 
25.5 
23.5 
25 
17 
18 


-1 

0 

-1 

+1 
+0.5 

0 
+0.6 
+0.6 
+0.6 

0 

+1 

+1 

-2 

+1 

-1 

-1 

-1 

-2 

+2 

0 

-2 
mean  difference 
-0.13(cmH:O) 


end-exhalation.  And,  third,  because  no  extra  equip- 
ment is  required  to  perform  the  manoeuvre  the  cost 
would  be  less. 

Conclusion 

Employing  the  expiratory  hold  function  of  the 
Siemens  900C  ventilator  when  equipped  with  a 
low-compressible-volume  circuit  may  prove  to  be 
an  accurate,  rapid,  and  cost  effective  method  for  the 
clinical  measurement  of  PEEPj. 
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Bezoldjarisch  Reflex — ^An  Indication  for  Closed 
System  Suctioning:  A  Case  Report 

Tai-Shion  Lee  MD  and  Yaw  Wu  MD 


Introduction 

Patients  in  whom  the  Bezold-Jarisch  reflex  (an 
inhibitory  reflex  originating  in  the  heart)  is  elicited 
are  vulnerable  to  develop  bradycardia  and  hypoten- 
sion. In  mechanically  ventilated  patients,  interrup- 
tion of  the  patient-ventilator  circuit  by  disconnec- 
tion of  the  endotracheal  tube  from  the  ventilator  for 
suction  may  trigger  this  reflex.  We  present  a  subject 
in  whom  repeated  episodes  of  bradycardia  and  hy- 
potension, probably  due  to  Bezold-Jarisch  reflex, 
were  successfully  prevented  with  the  use  of  a  closed 
tracheal  suction  system. 

Conventional  open  endotracheal  suctioning  with 
a  disposable  catheter  requires  that  the  patient  be  dis- 
connected from  the  ventilator.  It  has  been  reported 
to  be  associated  with  some  complications,  including 
loss  of  PEEP,  oxygen  desaturation,  cardiac  dys- 
rhythmias and  arrest,  and  respiratory  infection.'-'* 
Closed  airway  suction  systems  were  introduced  to 
overcome  these  problems.  The  major  difference  is 
that  they  provide  a  method  of  intermittent  suction- 
ing without  disruption  of  the  patient-ventilator  cir- 
cuit. Even  though  their  advantages  and  disadvan- 
tages remain  controversial,  the  overall  clinical  re- 
sponses seem  to  be  favorable.''^ 

Case  Summary 

A  55-year-old  man  was  admitted  to  the  surgical 
intensive  care  unit  following  laparotomy  for  a  per- 
forated duodenal  ulcer.  He  was  a  heavy  smoker  with 
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a  long  history  of  chronic  obstructive  pulmonary  dis- 
ease. His  medications  included  bronchodilators,  di- 
uretics, and  digoxin.  He  had  been  found  to  have 
lung  cancer  and  had  been  on  chemotherapy  for  2 
months.  A  Graham-Steele  closure  was  performed 
during  the  operation  (ie,  the  perforation  was 
plugged  with  omentum  sutured  in  place).  He  was 
mechanically  ventilated  and  received  parenteral  nu- 
tritional support  postoperatively.  Initial  ventilator 
settings  were  F102  0.4,  tidal  volume  (Vj)  800  mL, 
and  assist-control  rate  (f)  12/min.  The  peak  inspira- 
tory airway  pressure  (PIP)  was  32  cm  H2O  and  heart 
rate  was  98/min.  There  was  no  evidence  of  dys- 
rhythmia or  circulatory  instability,  and  blood  gas 
values  were  initially  acceptable.  He  was  on  continu- 
ous pulse-oximeter  and  end-tidal  CO2  monitoring. 
Two  days  later,  he  developed  bilateral  infiltration 
and  pleural  effusion  on  the  left.  Deterioration  in  his 
condition  suggested  ARDS.  Because  of  persistent 
hypoxemia  and  hypercapnia,  the  ventilator  settings 
were  changed  to  Vj  900  mL  and  PEEP  15  cm  H2O. 
The  PIP  at  this  time  was  58  cm  H2O.  Seventy-two 
hours  later,  he  developed  a  new  problem — each  at- 
tempt at  suctioning  the  airway  was  associated  with 
profound  bradycardia  followed  by  hypotension. 
This  bradycardia  (30-40/min),  sometimes  with  pre- 
mature ventricular  contractions  (PVCs),  occurred 
about  3-10  seconds  after  disconnection  of  the  tube 
(Table  1),  even  before  suctioning  or  any  change  in 
oxygen  saturation  as  indicated  by  pulse  oximetry.  It 
could  usually  be  reversed  by  immediate  reconnec- 
tion  to  the  ventilator  or  administration  of  intra- 
venous atropine.  The  cardiologist  consulted  sug- 
gested that  the  bradycardia  and  hypotension  were 
probably  triggered  by  a  Bezold-Jarisch  reflex. 
Because  of  an  earlier,  almost-fatal  suctioning 
episode  with  a  patient  thought  to  exhibit  the  Bezold- 
Jarisch  reflex,  we  decided  to  use  a  closed  tracheal 
suction  system  (Trach  Care®,  Ballard  Medical 
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Products.  Midvale  UT).  After  institution  of  the 
closed  system,  no  more  bradycardia  occurred  in 
spite  of  repeated  suctioning  of  the  airway.  The  pa- 
tient was  eventually  weaned  from  mechanical  venti- 
lation and  extubated  18  days  after  surgery.  By  that 
time,  the  reflex  bradycardia  had  disappeared  spon- 
taneously. 


Table  1.    Heart  Rate  Changes  w 
Suction  Method 

ith 

Open 

or  Closed  Airway 

Before 
Suction 

During  Suctioning 
Open          Closed 

Heart  rate/min                  90-100 

30-40         95-130 

Discussion 

In  the  ICU,  sudden  onset  of  bradycardia  can 
occur  when  neural,  hormonal,  metabolic,  or  hemo- 
dynamic factors  in  or  near  the  sinus  node  cause  it  to 
slow  its  intrinsic  pacemaker  rate.  Certain  phannaco- 
logic  agents  (including  beta-blockers,  morphine, 
digitalis,  quinidine,  clonidine,  xylocaine,  and  calci- 
um-channel blocking  agents)  can  induce  bradycar- 
dia that  does  not  usually  present  abruptly  unless 
toxic  dcses  are  given.  Many  pathologic  conditions 
inay  also  produce  bradycardia  (for  example,  acute 
myocardial  ischemia  or  infarction,  degenerative  or 
inflammatory  disease  of  the  sinus  node,  hypothy- 
roidism, hypothermia,  increased  intracranial  pres- 
sure, high  spinal  anesthesia  or  cervical  spine  injury, 
and  hypoxemia  or  hypoxia).  On  the  other  hand, 
bradycardia  is  commonly  triggered  by  vagal  reflex- 
es or  maneuvers  such  as  carotid  sinus  stimulation, 
increase  in  ocular  pressure,  vomiting,  valsalva  ma- 
neuver, vasodepressor  syncope,  and  left  ventricular 
reflexes.''""'  It  was  easy  to  rule  out  many  of  the  listed 
causes  in  the  case  presented,  with  the  exception  of 
vagal  reflex  and  hypoxemia.  In  the  present  case,  we 
observed  only  episodes  of  sinus  bradycardia,  with 
or  without  PVCs,  and  no  evidence  of  heart  block. 
The  follow-up  electrocardiogram  showed  normal 
sinus  rhythm  and  no  signs  of  ischemia  or  infarction. 
The  patient  was  not  on  any  medications  that  could 
cause  bradycardia  except  digoxin,  and  the  most  re- 
cent serum  digoxin  level  had  been  1.2  ng/mL  (toxic 
level  is  >  2.0  ng/mL),  and  the  bradycardia  was  of 
abrupt  onset  and  transient.  Hypoxemia  could  have 
been  the  cause,  but  this  was  unlikely  without  obvi- 
ous oxygen  desaturation;  even  though  there  could 
have  been  some  delay  in  the  appearance  of  desatu- 


ration on  pulse  oximetry,  bradycardia  developed  al- 
most immediately  after  disconnection  of  the  tube 
and  was  reversed  rapidly  with  atropine.  The  vagal 
reflex  triggered  by  tracheal  irritation  due  to  manipu- 
lation of  the  tube  could  not  be  completely  ruled  out, 
despite  the  fact  that  suctioning  of  the  trachea  itself 
did  not  appear  to  provoke  bradycardia. 

Bezold-Jarisch  reflex  is  an  inhibitory  reflex  orig- 
inating in  the  heart  that  causes  bradycardia,  vasodi- 
lation, and  hypotension.  Its  importance  to  the  patho- 
physiology of  major  cardiovascular  derangements 
has  been  recently  reappreciated.**  '"  The  cardiac  sen- 
sory receptors,  which  are  principally  distributed  in 
the  inferoposterior  wall  of  the  left  ventricle,  can  be 
activated  chemically  or  mechanically.  Besides 
chemical  or  pharmacologic  stimulation,  similar  to 
arterial  baroreflex  through  the  carotid  sinus,  the  car- 
diac mechanoreflex  can  be  triggered  by  excessive 
activation  of  cardiac  mechanoreceptors.  Cardiac 
distention  and  stretching  or  vigorous,  forceful,  and 
rapid  systolic  contraction  can  trigger  activity  that  is 
relayed  to  the  medulla  by  nonmyelineated  afferent 
fibers  in  the  vagus  nerves  and  elicits  a  reflex.  The 
resultant  increases  in  parasympathetic  and  inhibi- 
tion of  sympathetic  activities  lead  to  bradycardia, 
vasodilation,  and  hypotension.** '"  These  receptors 
do  not  respond  directly  to  hypoxia  and  hypercap- 
nia."  This  reflex  has  been  reported  to  occur  during 
ventricular  syncope,  inferoposterior  myocardial  is- 
chemia and  infarction,'-  coronary  arteriography,'^ 
exertional  syncope  in  aortic  stenosis,**  vasovagal 
syncope,'^  neurohuinoral  excitation  in  chronic  heart 
failure,''*  and  administration  of  digitalis.'"^  In  severe 
cases,  cardiac  arrest  can  occur.**'"  Atropine  is  the 
drug  of  choice  in  this  situation  because  it  antago- 
nizes not  only  the  bradycardia  but  also  the  reflex 
cholinergic  vasodilation.** 

In  this  case,  the  etiology  of  the  bradycardia  and 
hypotension  was  determined  by  exclusion.  We  pos- 
tulate that  the  mechanism  can  be  explained  by  the 
Bezold-Jari.sch  reflex.  In  mechanically  ventilated 
patients,  particularly  in  cases  with  high  PIP  and 
PEEP,  sudden  interruption  and  release  of  positive 
airway  pressure  by  disconnection  from  the  ventila- 
tor for  suctioning  may  abruptly  decrease  the  in- 
trathoracic pressure  and  promptly  increase  the  ve- 
nous return  and  central  blood  volume.  This  rapid 
volume  expansion  with  an  increase  in  cardiac  filling 
pressure  and  cardiac  size  stimulates  the  cardiac  re- 
ceptors and  elicits  a  reflex  increase  of  parasyinpa- 
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Fig.  1.  Schema  of  the  postulated 
mechanism  for  Bezold-Jarisch  reflex 
in  mechanically  ventilated  patients. 


thetic  activity  and  withdrawal  of  sympathetic  tone 
in  susceptible  patients  (Fig.  1).  Fuither  studies  with 
echocardiogram  may  be  useful  to  confirm  this  hy- 
pothesis. Negative  pressure  caused  by  suctioning 
may  exaggerate  the  condition.  The  rapid  onset 
(even  before  suctioning  and  desaturation)  and  the 
rapid  response  to  atropine  suggest  that  hypoxemia  is 
not  the  primary  cause  of  bradycardia.  The  closed 
tracheal  suction  system  provides  a  method  of  inter- 
mittent suctioning  without  complete  disruption  of 
the  patient-ventilator  circuit  and,  thus,  avoids  trig- 
gering the  Bezold-Jarisch  reflex.  We  believe  that  it 
may  be  a  special  indication  for  this  suction  system 
in  these  patients  both  in  the  ICU  and  in  the  operat- 
ing room. 
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Idiopathic  Vocal  Cord  Paralysis  in  a  Newborn  Infant: 
A  Case  Report 

Katherine  A  Douglas  BEd  RCP  RRT  and  Ramalinga  Polamreddy  MD 


Introduction 

Vocal  cord  paralysis  in  a  newborn  infant  may 
manifest  clinically  with  a  variety  of  symptoms. 
Inspiratory  stridor,  suggesting  extrathoracic  upper 
airway  obstruction,  may  be  the  result  of  either  an 
anatomic  or  a  functional  lesion  such  as  vocal  cord 
paralysis  (VCP).  Examination  of  the  larynx  with  a 
fiberoptic  bronchoscope  is  necessary  to  determine 
the  cause  of  stridor. 

In  at  least  one  third  of  patients,  the  etiology  of 
VCP  remains  unknown.'-^  We  report  a  case  of  a  pre- 
maturely born  infant  who  developed  inspiratory 
stridor  shortly  after  birth. 

Case  Summary 

A  2.07-kg  boy  was  delivered  at  a  community 
hospital  by  spontaneous  vaginal  vertex  delivery  at 
33-weeks  gestation.  The  amniotic  fluid  was  clear, 
and  there  was  no  evidence  of  any  complications  as- 
sociated with  the  delivery.  Apgar  scores  were  8  and 
9  at  1  and  5  minutes,  respectively.  The  infant  had 
mild  respiratory  distress  as  evidenced  by  nasal  flar- 
ing, chest  retractions,  and  grunting.  He  was  placed 
in  an  incubator  with  the  fraction  of  inspired  oxygen 
(Fio:)  0.30-0.35.  The  infant's  oxyhemoglobin  satu- 
ration was  monitored  by  pulse  oximetry  (SpO:)  and 
F|02  adjusted  to  maintain  SpO:  >  90%.  Initial  blood 
count  and  glucose  levels  were  normal.  The  referring 
physician  reported  that  this  was  an  infant  of  33- 
weeks  gestation  by  examination  who  probably  had 
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respiratory  distress  syndrome  (RDS)  or  respiratory 
distress  secondary  to  sepsis.  However,  according  to 
this  physician,  the  chest  radiograph  obtained  shortly 
after  birth  did  not  support  his  initial  impression. 

The  first  documentation  of  inspiratory  stridor  in 
this  patient  was  made  by  our  transport  team  when 
they  arrived  at  the  community  hospital  to  initiate 
this  patient's  transfer  to  our  center.  The  baby  was  2 
hours  of  age  and  breathing  supplemental  oxygen 
(Fio:  0.27).  He  had  mild  intercostal,  subcostal,  and 
substernal  retractions.  Breath  sounds  were  clear  bi- 
laterally and  suggested  adequate  air  exchange.  The 
baby  was  pink  and  alert,  and  was  stridorous  only 
with  crying  or  agitation.  An  oxygen  challenge  test 
(hyperoxia  test)  was  performed  to  rule  out  congeni- 
tal, cyanotic  heart  disease  (CCHD).  The  transport 
team  administered  Fio:  1 .0,  and  the  transcutaneous 
oxygen  tension  (PtcoO  rose  to  more  than  200  torr. 
With  this  test,  our  transport  team  felt  that  a  serious 
cyanotic  heart  defect  was  unlikely.  A  subsequent 
blood  gas  analysis  done  in  Fjo;  0.21  (pH,  PaO:.  and 
PaCO:)  yielded  normal  values.  Transport  of  the  in- 
fant was  uneventful. 

Upon  arrival  at  our  hospital,  the  baby  continued 
to  have  mild  respiratory  distress  and  intermittent  in- 
spiratory stridor.  Over  the  next  24  hours,  desatura- 
tion  episodes  (SpO:  <  90%)  associated  with  apnea  or 
with  apnea  and  bradycardia  (heart  rate  <  80  beats/ 
min)  during  feeding  made  it  necessary  to  discontin- 
ue oral  feedings  and  support  the  patient's  nutrition 
entirely  with  parenteral  fluids.  Theophylline  thera- 
py (standard  treatment  for  apnea  of  prematurity) 
and  nasal  oxygen  at  0.5  L/min  were  begun.  We  were 
able  to  reduce  the  baby's  oxygen  to  room  air  again 
over  the  next  few  hours. 

Because  of  the  recuning  stridor,  an  upper  airway 
examination  by  fiberoptic  bronchoscopy  was  done 
under  local  anesthesia  on  the  following  day  ( the  in- 


hm 


RESPIRATORY  CARE  •  JUNE  '94  Vol  39  No  6 


IDIOPATHIC  VOCAL  CORD  PARALYSIS  IN  A  NEWBORN  INFANT 


fant's  second  day  of  life).  Bilateral  vocal  cord  paral- 
ysis and  normal  anatomy  of  the  glottis  and  trachea 
were  seen.  Because  central  nervous  system  (CNS) 
abnormalities  and  other  congenital  anomalies  are 
known  to  be  associated  with  VCP,  a  magnetic  reso- 
nance imaging  (MRI)  study  was  done.  A  pneumo- 
gram  was  done  to  determine  whether  the  baby  was 
experiencing  obstructive  vs  central  apnea.  The  MRI 
was  negative  for  congenital  anomalies  and  struc- 
tural abnormalities.  The  pneumogram  showed  mul- 
tiple episodes  of  both  obstructive  and  central  apnea, 
fluctuations  in  heart  rate  without  true  bradycardia 
(80-100  beats/min),  and  desaturation  (Sp02<  80%). 
Following  the  upper-airway  examination,  gavage 
feedings  were  started.  By  the  end  of  the  first  week 
of  life,  the  baby's  inspiratory  stridor  was  no  longer 
intermittent  but  was  unabated  even  when  he  was 
quiet.  All  laboratory  values,  including  blood  gases, 
remained  within  normal  limits.  During  this  time  we 
began  to  alternate  gavage  and  nipple  feedings. 

Bronchoscopy  was  repeated  on  Day  13.  At  this 
time,  we  noted  that  the  vocal  cords  moved  with 
coughing.  Normally,  the  vocal  cords  adduct  (close 
the  glottis  by  meeting  in  the  midline)  during  swal- 
lowing.'* In  our  patient,  some  adduction  was  noted, 
so  we  decided  to  try  to  use  nipple  feedings  exclu- 
sively, watching  the  baby  closely  for  signs  of  chok- 
ing or  episodes  of  desaturation.  He  did  well  initially, 
but  at  3  weeks  of  age  began  to  show  signs  of  tiring 
and  had  some  periods  of  desaturation  with  feedings. 
Apnea  and  bradycardia  events  became  more  fre- 
quent, and  gavage  feedings  were  again  alternated 
with  nipple  feedings.  A  third  bronchoscopy  re- 
vealed little  movement  of  the  vocal  cords.  Large 
arytenoid  folds  seemed  to  contribute  to  the  upper 
airway  obstruction  and  stridor.  When  the  vocal 
cords  are  functioning  properly,  they  abduct  away 
from  the  midline  during  inspiration.''  However, 
when  our  patient  inspired,  the  large  arytenoid  folds 
were  sucked  into  the  airway  between  the  vocal 
cords  producing  partial  airway  obstruction  and  the 
classic  sound — stridor.  Our  impressions,  at  this 
time,  were  that  this  infant  had  bilateral  vocal  cord 
paresis  and  functional  arytenoid  malacia.  Because  it 
was  apparent  that  gavage  feedings  would  be  neces- 
sary for  some  time,  and,  in  anticipation  of  the  in- 
fant's discharge,  the  infant  had  a  gastrostomy  tube 
inserted  at  36  days  of  age.  His  surgery  and  postoper- 
ative course  were  uneventful,  and  gastrostomy  feed- 


ings were  initiated  on  the  second  postoperative  day. 
This  infant  had  no  more  episodes  of  desaturation, 
bradycardia,  or  apnea  and  continued  to  gain  weight. 
A  final  pneumogram  prior  to  discharge  was  normal. 
The  infant  was  discharged  home  on  a  cardiores- 
piratory monitor,  gastrostomy  gavage  feedings,  and 
theophylline  therapy.  During  a  subsequent  bron- 
choscopy at  5  months  of  age,  vocal  cord  movement 
remained  minimal.  There  have  been  no  alarms  from 
the  cardiorespiratory  monitor.  A  subsequent  pneu- 
mogram was  normal,  and  the  child  has  been  started 
again  on  oral  feedings.  His  stridor  is  minimal  and 
only  apparent  when  he  is  excited.  He  is  scheduled 
for  another  flexible  bronchoscopy  at  age  6  months. 

Discussion 

Abnormal  breathing  sounds  (eg,  audible  stridor) 
in  newborns  may  herald  any  number  of  serious  con- 
ditions. Grunting,  stridor,  and  high-pitched  crying 
may  each  suggest  a  number  of  different  disorders. 
Respiratory  distress  in  newborn  infants  is  not  syn- 
onymous with  RDS  (Table  1).''  Therefore,  those 
who  care  for  newborn  infants  must  not  only  correct- 
ly identify  these  various  sounds  and  be  aware  of  the 
diversity  of  potential  causes  of  newborn  respiratory 
distress  but  must  also  be  prepared  to  choose  and  ad- 
minister the  appropriate  therapy. 

Flexible  Bronchoscopy 

Stridor  is  a  sound  produced  by  turbulent  airflow. 
It  may  be  the  result  of  a  partial  obstruction  in  the 
airway  or  compression  of  the  soft  portions  of  the 
airway.^  Prior  to  the  availability  of  a  flexible  bron- 
choscope for  infants,  stridor  in  newborns  was  often 
assumed  to  be  secondary  to  laryngomalacia.-'^  Giv- 
en these  limitations — lack  of  equipment  to  examine 
the  very  small  airway  and  the  need  for  general  anes- 
thesia with  rigid  bronchoscopic  examination — di- 
rect visualization  of  the  upper  airway  of  infants  was 
rarely  done.  Additionally  the  rigid  bronchoscope 
permitted  examination  of  only  the  static  rather  than 
the  dynamic  properties  of  the  upper  airway.  How- 
ever, in  recent  years  the  relative  ease  of  upper  air- 
way examination  by  flexible  bronchoscopy  with 
local  anesthesia  has  enabled  us  to  ascertain  the 
cause(s)  of  stridor  under  dynamic  conditions.  We 
are  now  able  to  see  how  the  various  structures  be- 
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Table  1.    Ditt'erential  Diagnosis  of  Respiratory  Distress  in  a 
Newborn  Infant 

Pulmonary  and  Airway  Etiology 

De\ciopnienlal 

Choanal  atresia 

Laryngeal  web,  cyst,  vocal  cord  paralysis 

Laryngotracheomalacia 

Cystic  adenomatoid  malformation 

Congenital  lobar  emphysema 

Congenital  pulmonary  hypoplasia  (Potter's  syndrome) 

Respiratory  distress  syndrome 

Tracheal  stenosis 
Infections 

Congenital  viral  or  bacterial  pneumonia 

Neonatal  sepsis — early  onset 
Aspiration  of  meconium,  blood,  or  amniotic  fluid 
Pulmonary  air  leak 
Other 

Transient  tachypnea  of  the  newborn 

Chylothorax 

Pulmonary  hemorrhage 

Congenital  lymphangiectasis 

Nonpulmonary  Etiology 

Congenital  heart  disease 
Tracheoesophageal  fistula 
Diaphragmatic  hernia 
Neuromuscular  disorders 
Maternal  medication 
Central  nervous  system  pathology 

have  during  a  norma!  breath.  Because  general  anes- 
thesia is  not  necessary,  bronchoscopy  can  be  per- 
formed at  the  infant's  bedside,  eliminating  the  risks 
and  expense  associated  with  transporting  the  pa- 
tients to  the  operating  room.  Until  the  airway  of  a 
stridorous  pediatric  patient  is  visually  examined,  the 
diagnosis  is  presumptive.^-' 

Incidence,  Treatment,  &  Resolution  of  VCP 

A  decade  ago,  Richardson  and  Cotton^  stated  that 
vocal  cord  paralysis  is  the  second  most  common  la- 
ryngeal anomaly  in  newborn  infants.The  incidence 
of  VCP  in  samples  of  infants  with  laryngeal  anoma- 
lies varies  from  1.5%'"  to  23%."  Table  2  provides  a 
brief  summary  of  some  reviews  of  VCP  in  recent 
hlcrature  and  their  pertinent  findings.'  '■'*•''■'-■"  The 
mechanism  and  degree  of  respiratory  distress  result- 
ing from  VCP  is  also  highly  variable.  If  the  paraly- 
sis is  bilateral  rather  than  unilateral,  the  child  is 
more  often  symptomatic  and  is,  therefore,  generally 


diagnosed  earlier.^-'' '^  In  addition  to  the  feeding 
problems  with  attendant  risk  of  aspiration,  phona- 
tion  may  be  affected  in  patients,  as  well.^ 

Treatment  for  VCP  covers  a  broad  spectrum  of 
care  from  a  conservative  "wait  and  watch"  ap- 
proach, which  may  suffice  in  most  cases  of  unilater- 
al paralysis,  to  tracheotomy  for  those  infants  and 
children  with  serious  respiratory  compromise  asso- 
ciated with  unilateral  or  bilateral  paralysis.--'^  Tra- 
cheotomy should  be  considered  if  growth  is  not  op- 
timal or  if  there  is  evidence  of  impending  pulmon- 
ary hypertension  secondary  to  the  upper  airway 
obstruction.''*  Resolution  of  idiopathic  VCP  gener- 
ally occurs  spontaneously.  However,  the  time  frame 
for  resolution  cannot  be  predicted  and.  in  the  studies 
cited  in  Table  2,  varied  from  months  to  years.'' 

No  deaths  were  reported  among  those  patients 
identified  with  idiopathic  VCP  in  the  reviews  in 
Table  2.''  With  careful  observation  and  manage- 
ment, it  is  unlikely  that  infants  with  VCP  will  die 
from  their  paralysis.'-  However,  the  associated  mor- 
bidity includes  prolonged  hospital  stay,  the  need  for 
more  extensive  follow-up,'^ '-  and  the  attendant  in- 
creased cost  and  stress  to  the  family. 

The  Differential  Diagnosis 

The  complicating  factor  in  the  case  that  we  report 
was  the  infant's  prematurity.  Although  the  baby  had 
mild  respiratory  distress  shortly  after  birth,  the  diag- 
nosis of  RDS  was  not  supported  by  the  chest  radio- 
graph. Two  other  diagnoses  known  to  precipitate 
respiratory  distress  in  a  newborn  are  sepsis  and 
CCHD.  Sepsis  is  treated  presumptively  with  antibi- 
otics pending  results  of  a  blood  culture.  CCHD  may 
be  ruled  out  quickly  using  an  oxygen  challenge  test, 
as  was  done  with  our  patient.  By  the  time  this  infant 
arrived  at  our  center,  his  condition  was  so  improved 
that  an  anatomic  lesion  (eg,  a  laryngeal  web)  was 
not  seriously  considered  in  the  differential  diagno- 
sis. The  first  bronchoscopy  confirmed  the  absence 
of  any  such  lesion.  Inherited  VCP  has  been  de- 
scribed,'"^ but  there  was  no  family  history  to  suggest 
this  etiology  in  this  case. 

In  Summary 

Stridor  must  first  be  accurately  identified  by  the 
infant's  caregivers.  Newborn  infants  who  present 
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Table  2.     Studies  Reporting  Vocal  Cord  Paralysis  (VCP)  in  Children:  Incidence  and  Outcome 


First  Author 


Cases  of 
VCP 


Subjects'  Cases  of 

Ages  Idiopathic  VCP 


Major  Findings 


Swift' 

22  in  1 1  years 

0-36  months 

7 

Gentile- 

22  in  13  years 

0-3  months 

6 

Rosin' 

5 1  in  1 1  years 

0-6  months 

20 

Holinger'' 


Tucker'- 


Davis'-' 


9  in  18  months 


1 7  in  4  years 


30  in  10  years 


3  in  7  years 


17  day s-5. 5  years        0 


0-2.5  years 


0-5  years 


16-27  days 


Recovery  was  complete  in  all  cases. 

1 1/12  patients  with  bilateral  VCP  required  tracheotomy. 

Patients  with  bilateral  VCP  were  diagnosed  earlier  than 
those  with  unilateral  VCP. 

10/29  patients  with  bilateral  VCP  did  not  require 
tracheotomy. 

6/7  patients  with  bilateral  VCP  required  tracheotomy. 

VCP  may  be  the  cause  of  extubation  failure  in  pediatric 
patients. 

All  cases  of  VCP  had  underlying  neurologic  disorder. 

5/14  patients  with  bilateral  VCP  required  tracheotomy. 

58/2 1 9  patients  had  been  misdiagnosed  prior  to 
bronchoscopy. 

Tracheotomy  required  in  all  cases  of  bilateral  VCP  and  in 
6/8  patients  with  unilateral  VCP. 

VCP  is  uncommon  but  often  disabling  in  children. 

Studied  106  patients  who  had  patent  ductus  ligation. 

3/68  patients  who  had  suture  ligation  developed  unilateral 
VCP  compared  to  none  who  had  surgical-clip  closure. 


with  or  develop  stridor  require  direct  visualization 
of  the  upper  airway  before  a  definitive  diagnosis 
can  be  made  and  unnecessary  treatment  avoided.  In 
cases  of  bilateral  VCP,  tracheotomy  may  be  neces- 
sary. Irrespective  of  the  cause,  infants  with  VCP 
must  be  followed  closely  after  discharge  from  the 
hospital  to  avoid  catastrophic  events  and  to  detect 
subtle  complications  such  as  retarded  growth  and 
development  and  pulmonary  hypertension.  Re- 
covery from  idiopathic  VCP  is  good  in  most  cases 
affecting  infants  and  children.  However,  time  to  res- 
olution is  highly  variable  and  may  not  occur  for 
months  or  years.'  - 
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Introduction 

Cerebral  arterial  gas  embolism  (CAGE)  has  been 
implicated  in  transient,  as  well  as  permanent,  neuro- 
logic deficits  in  patients  undergoing  coronary  artery 
bypass  grafting,'-  neurosurgical  procedures  in  the 
sitting  position,^  cesarean  section  (venous  air  em- 
bolism),'* transthoracic  lung  biopsy,'-^-*  and  open 
intra-abdominal  procedures.- ''  Other  scenarios  in 
which  CAGE  occurs  include  diving  accidents,^  trau- 
matic lung  injury,  barotrauma  that  sometimes  re- 
sults from  mechanical  ventilation  in  patients  with 
the  adult  respiratory  distress  syndrome  (ARDS), 
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and  rather  unusual  events  that  are  either  accidently 
or  intentionally  induced  during  sexual  frolicking.''"^' 
In  this  review,  we  explore  the  pathogenesis,  signs, 
symptoms,  diagnosis,  pathophysiology,  and  thera- 
peutic interventions  for  CAGE.  When  animal  stud- 
ies suggest  intriguing  interventions  that  require  fur- 
ther evaluation  in  humans,  we  so  note. 

Cerebral  arterial  gas  embolism  is  defined  as  gas 
that  passes  into  the  cerebral  arterial  circulation  from 
any  of  a  variety  of  causes.  For  example,  CAGE  may 
result  from  direct  entry  of  air  into  the  arterial  circu- 
lation as  may  occur  in  an  open-cardiac  procedure. 
Alternatively,  it  may  occur  via  paradoxical  air  em- 
bolism (PAE)  from  the  venous  circulation.  The  clin- 
ical syndrome  seen  in  a  specific  patient  depends 
upon  the  route  of  air  movement  as  well  as  its  final 
resting  place. 

Pathogenesis 

Arterial  gas  embolism  may  be  the  result  of  dys- 
barism,  a  term  describing  the  sequelae  of  altered  en- 
vironmental pressures.  Dysbarism  commonly  af- 
fects divers  and  compressed-air  workers  who  are 
exposed  to  higher  ambient  pressures  and  can  also 
occur  in  fliers  and  astronauts  who  experience  sud- 
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den  subatmospheric  pressures."  Two  forms  of  dys- 
barism  exist:  barotrauma  and  decompression  sicic- 
ness  (DCS).  Barotrauma  and  CAGE  do  not  depend 
upon  the  depth  or  the  duration  of  the  dive.  Both  can 
result  from  breath-holding  during  ascent  following 
a  compressed-air  dive  from  depths  of  10  feet  or 
less.'-  Even  after  ascent  from  this  minimal  depth, 
pressure  around  the  thorax  decreases  and  intratho- 
racic volume  increases  in  direct  proportion  to  the 
decrease  in  pressure,  in  compliance  with  Boyle's 
law.  If  the  lungs  are  not  adequately  vented  (ie, 
forced  exhalation),  pressure  and  volume  reach  a 
critical  point,  alveolar  rupture  occurs,  and  air  may 
dissect  into  the  pulmonary  capillary  system,'-^  the 
mediastinum,  and  the  pericardium. 

Air  in  the  pulmonary  vasculature  may  distribute 
to  the  arterial  system,  given  the  proper  conditions 
(see  below);  the  resulting  clinical  syndrome  de- 
pends upon  the  destination  of  the  air.''*  When  the 
subject  is  in  the  horizontal  position,  such  as  intraop- 
eratively,  air  commonly  distributes  to  the  coronary 
arteries  and  peripherally.  In  the  vertical  position, 
such  as  during  ascent  from  scuba  diving,  air  dis- 
tributes to  the  cerebral  arteries.  The  intracranial  ves- 
sels to  which  air  most  commonly  distributes  are  the 
anterior  and  middle  cerebral  arteries."  When  bari- 
um sulfate  and  celloidin  were  injected  into  the  inter- 
nal carotid  arteries  of  14  dogs,  emboli  were  widely 
distributed  throughout  the  cerebral  circulation."  For 
instance,  emboli  were  present  in  areas  supplied  by 
the  ipsilateral  middle  cerebral  artery  in  all  of  the  an- 
imals. Ten  of  14  had  emboli  present  in  both  the  ipsi- 
lateral anterior  cerebral  distribution  and  the  ipsilat- 
eral posterior  cerebral  distribution.  Contralateral 
emboli  were  noted  in  11  of  14  dogs  and  9  of  14  had 
embolization  in  the  region  supplied  by  the  anterior 
cerebral  artery.'^  Thus,  this  study  illustrates  the  mul- 
tifocal nature  of  CAGE. 

Cerebral  arterial  gas  embolism  must  be  distin- 
guished from  DCS,  which  is  another  form  of  dys- 
barism  and  a  complication  of  scuba  diving. 
Decompression  sickness,  also  known  as  "the  bends" 
or  Caisson's  disease,  occurs  as  the  inert  gas,  nitro- 
gen, comes  out  of  solution  during  ascent  from 
depth.  Nitrogen  normally  passes  from  tissues  to  the 
blood  and  is  carried  to  the  lungs,  where  it  is  ex- 
haled. If  the  depth  and  duration  of  the  dive  are  ex- 
tensive enough  to  supersaturate  tissues  with  nitro- 


gen, then  during  a  rapid  ascent  the  gas  comes  out  of 
solution  and  cannot  be  cleared  from  the  tissues 
quickly  enough.'-'  The  result  is  thought  to  be  forma- 
tion of  gas  bubbles  in  the  tissues  and  microvascula- 
ture,  rather  than  obstruction  of  larger  blood  vessels 
by  intravascular  bubbles.  If  the  tissue  is  noncompli- 
ant,  bubble  formation  results  in  compression  of  ad- 
jacent structures,  such  as  nerves,  blood  vessels,  and 
lymphatics.'*'  Because  nitrogen  is  fat  soluble,  it  dis- 
solves in  myelin.  Therefore,  intramyelin  bubble  for- 
mation may  result  in  disruption  of  the  neural 
sheath.'^  As  explained  previously,  impaired  arterial 
supply  and  venous  outflow  may  result  from  com- 
pression of  vessels.  Damage  to  local  tissue,  includ- 
ing the  endothelium,  results  in  induction  of  platelet 
aggregation,  activation  of  the  coagulation  cascade 
and  thrombus  formation,  and  neutrophil  accumula- 
tion, all  of  which  further  compromise  the  microcir- 
culation.'* 

Two  clinical  presentations  of  DCS  are  possible: 
Type  I  presents  primarily  with  joint  pain  and  pruri- 
tus, whereas  Type  II  DCS  involves  neurologic 
deficits.  Type  II  DCS  commonly  affects  the  posteri- 
or and  lateral  columns  of  the  spinal  cord  (white  mat- 
ter) without  damage  to  the  grey  matter.'^  The  nature 
of  the  damage  is  usually  multifocal.  When  Type  II 
DCS  affects  the  brain,  it  is  termed  cerebral  DCS. 
Although  cerebral  DCS  is  often  confused  with 
CAGE,  the  mechanism  of  injury  is  different,  as  is 
the  morbidity  and  mortality.  Methods  of  distinction 
between  CAGE  and  cerebral  DCS  are  discussed 
below  and  are  summarized  in  Table  1 . 

Several  cases  of  air  embolism  have  been  noted  in 
patients  with  ARDS.  Marini  and  Culver'*  and  Mor- 
ris et  al''^  have  each  reported  2  cases  in  which  sud- 
den neurologic  events  were  seen  in  patients  with 
ARDS  in  the  setting  of  barotrauma-induced  intra- 
parenchymal  air  collections.  In  ARDS,  the  retrac- 
tive tendencies  of  inflamed  pulmonary  parenchyma 
may  cause  the  tethering  open  of  vessels,  resulting  in 
air  entry."* 

In  summary,  CAGE  results  when  air  is  intro- 
duced into  the  arterial  system  either  directly  or  via 
paradoxical  movement  of  venous  air.  DCS  is 
thought  t()  result  from  bubble  formation  in  the  ve- 
nous system  and  body  tissues,  although  an  inflam- 
matory process  may  intervene  after  the  gas  comes 
out  of  solution,  worsening  the  neurologic  lesion. 
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Differentiating  Cerebral  Arterial  Gas  Embolism  (CAGE) 
from  Decompression  Sickness  (DCS) 


CAGE 

Cerebral  DCS 

Pathogenesis 

Operative  occurrence 

Yes 

No 

Scuba  diving  occurrence 

Yes 

Yes 

Via  paradoxical  air 

embolism  (PAE) 

Yes 

Probably  not 

Signs/Symptoms 

Rapid  onset  (minutes) 

Usually 

Occasionally 

Loss  of  consciousness 

Yes  (~  40%) 

Uncommon 

Stupor 

Yes 

Yes 

Focal  Neurological  Signs 

<  10  min  after  surfacing 

Yes 

No 

>  10  min  after  surfacing 

Yes 

Yes 

Headache 

Less  prominent 

More  prominent 

Rash,  musculoskeletal  pain 

Less  likely 

More  likely 

Historical  Data 

Emergency  ascent 

Yes 

No 

Normal  ascent  with  long 

decompression  time 

No 

Yes 

Air  may  enter  the  arterial  circulation  either  di- 
rectly, as  mentioned  earlier,  or  after  passage  through 
the  venous  system.  In  the  latter  case,  it  is  known  as 
paradoxical  arterial  embolism  (PAE).  The  most 
common  portal  of  entry  for  PAE  is  a  patent  foramen 
ovale.  From  an  autopsy  study  of  965  normal  hearts, 
Hagen  et  al-°  reported  this  cardiac  abnormality  had 
an  incidence  in  the  general  population  of  27.3%.  If  a 
bolus  of  air  lodges  in  the  pulmonary  outflow  tract, 
elevated  right  heart  pressures  may  occur,  causing  a 
right-to-left  shunt  through  the  now-patent  foramen 
ovale.  As  a  result,  air  can  traverse  the  foramen  ovale 
and  pass  into  the  arterial  circulation.-  An  intriguing 
paper  by  Black  and  colleagues-'  recently  showed,  in 
a  pig  model,  that  right  atrial  pressure  only  had  to  ex- 
ceed left  atrial  pressure  during  a  portion  of  the  car- 
diac cycle  for  PAE  to  occur. 

Paradoxic  arterial  embolism  may  also  occur  via 
passage  of  air  bubbles  through  the  pulmonary  vas- 
culature and  into  the  arterial  circulation.  The  lungs 
can  normally  filter  air  bubbles  as  large  as  22  fx  when 
a  small  volume  is  infused  slowly.  However,  a  bolus 
of  30  mL  of  air  injected  into  the  central  venous  cir- 
culation of  a  canine  model  resulted  in  passage  of  air 
into  the  arterial  circulation.--  Butler  and  Hills--  de- 
tected air  in  the  carotid  arteries  of  dogs  via  transcra- 
nial Doppler  aortography  after  the  venous  injection 
of  air  at  a  dose  of  0  3  •  kg  '  ■  min  ' .  Lag  time  from  ve- 


nous injection  to  appearance  in  the  arterial  circula- 
tion ranged  from  12  to  90  minutes.  Thus,  symptoms 
consistent  with  CAGE  may  be  noted  in  both  arterial 
gas  embolization,  venous  air  embolization  with 
paradoxical  movement  of  gas.  and  Type  II  DCS.  It 
is  frequently  impossible  to  differentiate  except  on 
the  basis  of  the  clinical  scenario  that  preceded  the 
event. 

Making  the  Diagnosis 

Signs  &  Symptoms 

Cerebral  arterial  gas  embolism  is  most  often  a 
disease  of  rapid  onset.  In  a  study  by  Francis  et  al,'"* 
56%  of  cases  of  CAGE  secondary  to  scuba-diving 
accidents  became  symptomatic  within  10  minutes 
of  returning  to  the  surface.  Dick  and  Massey-"" 
showed  that  27  of  39  divers  (69%)  with  CAGE  ex- 
perienced symptoms  upon  surfacing,  and  82%  had 
symptoms  within  10  minutes.  Only  rarely  did 
CAGE  present  more  than  6  hours  after  surfacing.  In 
contrast,  none  of  the  divers  with  DCS  had  symp- 
toms upon  surfacing,  and  only  62%  had  symptoms 
within  the  first  6  hours  thereafter.-''  However,  the  la- 
tency of  cerebral  DCS  is  occasionally  quite  short — 
less  than  10  minutes  has  been  reported.'"*  Therefore 
the  time  to  onset  of  symptoms,  while  helpful,  is  not 
a  totally  reliable  method  of  differentiation  between 
cerebral  DCS  and  CAGE. 

Common  signs  and  symptoms  of  CAGE  include 
unconsciousness  in  up  to  40%;-'*  stupor  in  7%  to 
20%;^^  sensory  loss  in  20%;-''  motor  deficit  in 
20%;-''  paraplegia  or  paresis  in  10%;-''  seizures  in 
4%  to  8%;-''  visual  disturbances  in  8%  to  23%;-^  se- 
vere headache  in  23%;--''  and  chest  pain  in  10%.-'' 
Other  signs  of  CAGE  on  physical  examination  in- 
clude dyspnea,  tachypnea  and  other  variations  of 
respiratory  pattern,  dysrhythmias,  and  circulatory 
insufficiency.--''  Cardiorespiratory  arrest  and  death 
occur  immediately  in  approximately  7%  of  cases  of 
CAGE  secondary  to  diving  accidents.-^ 

Differential  Diagnosis 

The  initial  diagnosis  of  CAGE  is  usually  based 
solely  on  history  and  physical  examination-''  and  is 
often  one  of  exclusion;  additionally,  CAGE  is  fre- 
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quently  associated  with  pneumomediastinum  or 
pneumothorax.  In  scuba  divers,  the  primary  factor 
that  differentiates  CAGE  from  Type  II  DCS  is  the 
length  of  time  from  the  incident  to  the  onset  of  signs 
and  symptoms.  However,  as  mentioned  earlier,  this 
is  not  always  reliable  in  differentiating  between  the 
two.  Differentiation  may  have  to  be  based  on  cir- 
cumstances surrounding  the  event.  For  instance, 
diver  inexperience,  panic,  emergency  ascent,  and/or 
pre-existing  acute  or  chronic  pulmonary  problems 
may  be  associated  with  CAGE.''*  In  contrast,  depth 
and  duration  of  the  dive,  the  number  of  consecutive 
dives,  physical  condition,  age,  weight,  ethanol  con- 
sumption, and  the  strenuousness  of  work  performed 
while  at  depth  may  contribute  to  DCS. 

Venous  air  embolism  should  be  part  of  the  differ- 
ential diagnosis  because  of  the  potential  for  PAE. 
Hoffman  and  colleagues-'^  described  their  study  in 
which  air  was  introduced  via  the  femoral  vein  at  0.5 
inL/s  in  dogs  for  increasing  amounts  of  time.  If  air 
was  injected  for  10  to  15  seconds,  the  heart  sounds 
developed  a  metallic  quality.  By  20  to  25  seconds, 
the  heart  sounds  became  drum-like,  and  by  30  to  40 
.seconds  became  like  a  "galloping  horse  on  a  wood- 
en bridge."  After  50  to  60  seconds  of  injection,  the 
heart  sounds  became  "mill-wheel  like."-^  Unfor- 
tunately, changes  in  heart  sounds  are  usually  tran- 
sient and  may  be  misinterpreted  or  missed  altogeth- 
er.-^ The  precordial  Doppler  and  transesophageal 
echocardiogram  may  detect  small  amounts  of  air 
even  before  physiologic  changes  are  evident.-''  A 
decrease  in  end-tidal  CO;,  an  increase  in  pulmonary 
artery  pressure,  and  a  decrease  in  arterial  O2  satura- 
tion require  progressively  larger  amounts  of  air  than 
that  detected  by  precordial  Doppler  and  trans- 
esophageal echocardiogram.-"'  Other  objective  signs 
such  as  dyspnea,  circulatory  insufficiency,  and  pul- 
monary hypertension,  although  nonspecific,  may 
aid  in  the  diagnosis  of  venous  air  embolism. 

Relatively  specific  signs  of  CAGE  are  air  in  the 
retinal  vessels  and,  more  uncommonly,  sharply  de- 
fined areas  of  pallor  on  the  tongue  (Liebermaster's 
sign)  and  marbling  of  the  skin.^"  Additionally,  sub- 
cutaneous air,  mediastinal  emphysema,  or  pneu- 
mothorax may  be  seen."  The  diagnosis  of  CAGE 
becomes  firmer  when  there  are  multiple  neurologic 
findings  that  cannot  be  explained  by  compromised 
blood  How  from  a  single  anatomic  area.  The  iiiulti- 
focality  of  manifestations  results  from  the  emboli 


not  being  confined  to  a  single  arterial  supply.'-'' 
Other  more  subtle  diagnostic  manifestations  may 
include  abnormalities  in  neuropsychological  batter- 
ies for  apraxia,  agnosia,  right-to-left  disorientation, 
speech  and  fluency,  reading,  and  memory. ''- 

While  computerized  tomographic  scanning,  mag- 
netic resonance  imaging,  single  photon-emission 
computed  tomography,  or  stable  xenon-enhanced 
computerized  tomographic  scanning  of  the  head 
may  aid  in  the  diagnosis  of  CAGE,  our  experience'^ 
is  that  these  studies  are  frequently  inconclusive  and 
may  delay  the  initiation  of  therapy;  thus,  we  do  not 
routinely  recommend  them.  However,  while  the  di- 
agnosis of  CAGE  is  being  considered,  and  certainly 
once  it  has  been  made,  continuous  electrocardio- 
graphic monitoring  is  recommended  because  car- 
diac arrest,"  ischemia,  and  dysrhythmias  may  oc- 
cur.'* 

Pathophysiology 

The  pathophysiology  of  CAGE  and  the  extent  of 
the  damage  that  results  depend  on  the  amount  of  air 
involved  and  the  length  of  time  after  embolization 
until  therapy  (for  example,  hyperbaric  O2  therapy) 
is  initiated.''*  Whereas  the  clinical  syndrome  de- 
pends on  the  point  of  entry  and  the  destination  of 
the  air,'-*  controversy  exists  as  to  the  principal  fac- 
tor(s)  responsible  for  tissue  damage  following 
CAGE.  Cerebral  arterial  gas  embolism  causes  in- 
jury to  the  central  nervous  system  by  obstructing 
flow  and  provoking  ischemia.  Although  location, 
duration,  and  the  extent  of  ischemia  are  thought  by 
many  to  be  important,  post-ischemic  events  may  be 
equally,  if  not  more,  important.'^ 

In  a  dog  model,  de  la  Torre  and  colleagues'* 
found  that  CAGE  produced  acute  focal  zones  of 
"blanching"  of  white  matter  with  perivascular 
swelling,  on  microscopic  examination.  In  those  ani- 
mals that  died  less  than  48  hours  after  embolism, 
macroscopic  exainination  showed  dilation  of  vascu- 
lature, swollen  brain,  and  herniation  of  the  piriform 
and  cingulate  gyri.  In  those  dogs  surviving  to  1 
week  after  embolism,  microscopic  examination  of 
infarcted  areas  showed  liquefactive  necrosis,  vascu- 
lar hyperplasia,  neuronal  degeneration,  and  the 
presence  of  phagocytes.  The  etiology  of  the  infarc- 
tions was  ischemic  rather  than  hemorrhagic.  The 
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group  also  found  an  immediate  rise  in  cisternal 
pressure  after  embolization,  which  correlated  with 
morbidity  and  mortality.'" 

Evans  et  aP^  reported  that  in  ventilated,  anes- 
thetized cats,  embolization  of  the  vertebral  artery 
with  2  mL/kg  of  air  resulted  in  acute  arterial  hyper- 
tension, increased  heart  rate,  increased  left  ventricu- 
lar pressure  and  contractility,  and  severe  cardiac 
dysrhythmias.  If  the  autonomic  nervous  system  re- 
sponse was  blocked  via  surgical  or  pharmacologic 
denervation,  only  the  dysrhythmias  were  prevented; 
neither  the  acute  hypertensive  response,  the  elevat- 
ed heart  rate,  nor  the  augmented  contractility  result- 
ing from  CAGE  was  attenuated.  The  authors  postu- 
lated that  an  unidentified  humoral  substance  was  re- 
leased from  the  cerebral  circulation  that  was  respon- 
sible for  the  cardiovascular  responses. 

Babcock  and  Netsky'-^  showed  that  internal  caro- 
tid artery  injection  of  0.6  to  0.8  mL  of  barium  sul- 
fate and  celloidin  into  dogs  produced  apnea,  where- 
as smaller  volumes  resulted  in  Cheyne-Stokes  respi- 
rations or  a  slowed  respiratory  pattern.  The  altera- 
tion in  respiratory  pattern  appeared  to  be  related  to 
the  total  volume  of  cerebral  tissue  that  was  rendered 
ischemic  and  not  to  damage  in  any  one  particular 
area  of  the  brain.  They  theorized  that  cerebral  arteri- 
al embolization  resulted  in  damage  to  the  brain- 
stem respiratory  centers. 

In  a  study  involving  97  dogs,  Leitch  and  col- 
leagues-''* found,  after  injection  of  0.4  mL  of  air  into 
the  right  internal  carotid  artery,  an  immediate  de- 
crease in  cerebrospinal  fluid  pressure  often  fol- 
lowed by  an  increase  of  up  to  20  mm  Hg.  Amplitude 
of  somatosensory-evoked  potentials  (SEPs)  1 
minute  after  embolization  was  decreased  by  30  to 
100%  of  baseline.  Return  of  cortical-evoked  poten- 
tials depended  primarily  on  the  degree  of  initial  sup- 
pression and  the  time  to  definitive  therapy  (recom- 
pression). 

Air  usually  lodges  in  arteries  of  30-60  /j  in  diam- 
eter.^' Use  of  ''""Tc-labelled  hexamethylpropy- 
lineamine  oxime  and  single  photon-emission  to- 
mography allows  practical  imaging  of  cerebral  per- 
fusion deficits.  The  pattern  of  isotope  uptake  with 
CAGE  suggested  that  perfusion  deficits  are  caused 
by  heterogenous  small  vessel  blockage  rather  than 
by  occlusion  of  larger  vessels.'''  Additionally,  sec- 
ondary effects  of  intravascular  bubbles  have  been 
reported.  Air  embolization  causes  dilation  of  ves- 


sels in  tissue  suiTounding  the  ischemic  areas;  these 
vessels  no  longer  exhibit  autoregulation  of  flow  to 
changes  in  blood  pressure."^  Intravascular  air  bub- 
bles cause  activation  of  platelets  and  leukocytes, 
and  the  formation  of  microthrombi,  which  may  play 
a  role  in  the  extension  of  ischemic  damage. 
Vasoactive  substances  (such  as  serotonin,  kinins, 
and  prostaglandins)  are  also  released.  Hemo- 
concentration  often  occurs,  which  may  further  im- 
pair cerebral  flow  secondary  to  increased  viscosi- 
ty.-'^ 

Lee  and  Olszewski""'  reported  an  increase  in  cere- 
bral vascular  permeability  to  heterologous  albumin 
in  cats  after  injection  of  0. 1  to  0.4  mL  of  air  into  the 
common  carotid  artery.  This  permeability  was  tran- 
sient, lasting  approximately  1  hour  after  the  CAGE 
incident.  Fritz  and  Hossmann  showed  that  the  cere- 
bral acidosis  present  after  the  embolic  event  was  as- 
sociated with  vasoparalysis.^^  There  was  inhomo- 
geneity  of  blood  flow  with  tissue  ischemia  at  the 
embolism  site  and  hyperemia  of  surrounding  tis- 
sues. Unlike  Lee  and  Olszewski,"*"  Fritz  and  Hoss- 
man^''  did  not  find  disruption  of  the  blood-brain  bar- 
rier. Thus,  although  there  was  an  increase  in  brain 
volume,  there  was  no  significant  increase  in  brain 
water.  Other  findings  within  15  seconds  after  em- 
bolism included  loss  of  electroencephalographic 
amplitude  and  frequency  to  approximately  30%  of 
baseline  with  gradual  recovery  after  1  hour. 
Depression  of  the  electroencephalogram  was  related 
to  duration  of  ischemia  and  was  slowest  to  return  in 
the  border  zones,  where  perfusion  pressure  was 
lowest.  Uncoupling  of  blood  flow  and  metabolism 
occurred  (blood  flow  increased  and  metabolism  de- 
creased), resulting  in  elevated  cerebral  venous  oxy- 
gen content.  In  contrast.  Levy  and  Duffy"*'  reported 
that  cerebral  ischemia  in  gerbils  produced  a  marked 
depletion  of  high  energy  phosphate  reserves.  Their 
assumption  was  that  abnormal  energy  metabolism 
and  oxygen  consumption  in  post-ischemic  tissue 
may  contribute  to  worsening  neurologic  function 
and  irreversible  damage. 

An  unfortunate  problem  with  these  data  is  that 
the  studies  were  primarily  carried  out  in  animal 
models.  It  is  not  intuitive  which  animal  model/ 
species  is  most  appropriate  for  the  study  of  CAGE 
or  how  the  findings  in  one  species  relates  to  another. 
Finally,  the  extent  to  which  these  data  can  be  extrap- 
olated to  humans  is  unclear. 
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Issues  in  the  Treatment  of  CAGE 

Standard  recompression  therapy  with  adjunctive 
drugs  and  fluids  results  in  about  85%  recovery,  even 
after  delays  of  many  hours.  However,  15%  of  pa- 
tients will  suffer  permanent  deficits  or  death.^- 

Inimediate  Treatment 

Once  the  diagnosis  of  air  embolization  is  sus- 
pected, the  patient  should  be  placed  in  the  30°  head- 
down  position.  The  left  lateral  decubitus  position 
(Durant's  maneuver)  allows  air  bubbles  in  the  right 
ventricular  outflow  tract  to  move  toward  the  apex  of 
the  heart,  thus  enhancing  forward  flow  of  blood."*-* 
This  position  may  help  avoid  pulmonary  aspiration 
of  gastric  contents  should  emesis  occur  in  the  un- 
conscious victim;  while  it  may  help  prevent  further 
embolization,  it  does  nothing  for  material  already  in 
circulation.  Because  diffusion  of  nitrogen  out  of  air 
bubbles  will  be  maximized  by  inhalation  of  100% 
O2,'"*  it  should  be  administered  via  a  tight-fitting 
mask  while  the  patient  is  en  route  to  the  recompres- 
sion chamber."*-  The  increased  arterial  oxygen  ten- 
sion serves  to  deliver  a  slightly  increased  amount  of 
oxygen  to  the  affected  tissues,'^  but  is  primarily 
used  to  maximize  the  nitrogen  gradient,  although  it 
has  also  been  shown  in  other  scenarios  to  constrict 
cerebral  blood  vessels,  reduce  cerebral  blood  flow,'*^ 
and  decrease  intracranial  pressure  (ICP). 

If  intravenous  fluids  are  necessary,  isotonic  ones 
(such  as  0.9%  saline)  should  be  administered  to 
maintain  the  urine  output  at  approximately  0.5 
mL/kg/h  and  to  prevent  hemoconcentration  with  re- 
sultant decreased  oxygen  delivery.  While  there  are 
no  data  evaluating  the  effects  of  hypertonic  saline 
resuscitation  in  victims  of  CAGE,  animal  studies 
have  suggested  that  hypertonic  saline  helps  prevent 
elevation  of  ICP  following  the  injury.  Some,"'''"*''  but 
not  all,"*^""*  studies  that  have  attempted  to  evaluate 
the  differential  effect  of  hypertonic  versus  isotonic 
or  hypotonic  fluid  to  resuscitate  from  hemor- 
rhage^''•*''"*'*  or  hemodilution"*''  without  brain  injury, 
have  noted  that  ICP  was  lower  in  the  experimental 
subjects  (rabbits,  dogs,  and  pigs)  in  which  hyperton- 
ic solutions  were  used.  In  one  study,  in  which  ani- 
mals suffered  a  focal  cryogenic  brain  injury,"*''  cere- 
bral blood  flow  (CBF)  was  higher  and  ICP  lower  in 
animals  infused  with  hypertonic  sodium  lactate 


(500  mOsm/L)  as  compared  to  lactated  Ringer's  so- 
lution (270  mOsm/L).  We  reiterate  that  these  studies 
were  not  performed  in  a  model  of  CAGE  and,  thus, 
must  be  interpreted  cautiously.  Studies  to  evaluate 
the  effects  of  different  resuscitation  solutions  in  a  mod- 
el of  CAGE  and  Type  II  DCS  are  eagerly  awaited. 

Two  animal  studies — again  not  in  a  model  of 
CAGE — evaluated  outcome  in  complete'^"  or  in- 
complete"'' cerebral  ischemia.  These  results  suggest 
that  tluid  replacement  with  solutions  containing 
glucose  result  in  significantly  worse  neurologic  out- 
come than  does  replacement  with  a  crystalloid  with- 
out glucose.  Finally,  a  recent  human  study  suggests 
that  elevated  blood  glucose  levels  and  reduced  cere- 
bral blood  flow  measured  by  the  stable  xenon  tech- 
nique correlate  with  poor  outcome.'"-  Thus,  we  use 
no  solution  containing  glucose  for  emergency  resus- 
citation unless  the  measured  blood  glucose  is  sub- 
norinal. 

In-Transit  Treatment 

While  in  transit,  patients  suspected  of  having  suf- 
fered a  CAGE  or  Type  II  DCS  should  have  (in  addi- 
tion to  standard  vital  signs)  pulse  oximetry  and  elec- 
trocardiographic monitoring  and  frequent  neurolog- 
ic system  checks.  Fluids  are  used  as  detailed  above. 
Our  preference  is  to  u.se  0.9%  or  3%  saline  solutions 
at  three  fourths  the  maintenance  rate  unless  urine 
output  is  <  0.5  mL/kg/h.  Maintenance  rate  is  calcu- 
lated using  the  "4/2/1"  rule:  4  mL/kg/h  for  the  first 
10  kg,  2  mL/kg/h  for  the  second  10  kg,  and  I 
mL/kg/h  for  every  kg  thereafter.  Thus,  for  a  70-kg 
person,  the  full  maintenance  rate  would  be  40  niL  -t- 
20  niL  +  50  mL  =110  niL/h.  We  would  administer 
about  three  fourths  of  this  (80  niL)  hourly.  Note  that 
if  3%  saline  solution  is  used,  the  full  maintenance 
rate  is  only  one  third  as  much  as  calculated  for  0.9% 
saline  .solution  (about  35  niL/h).  In  this  case  we 
would  administer  three  fourths  of  that  rate,  or  about 
25  niL/h.  Again,  as  noted  above,  no  glucose  con- 
taining solutions  are  used  in  the  absence  of  hypo- 
glycemia. 

In-H()spital  Treatment 

Fluid  therapy  and  monitoring  are  continued  as 
described  above.  Moreover,  tight  .serum-glucose 
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control,  in  the  range  of  80  to  150  nig/dL,  (4.4-8.3 
mmol/L)  is  maintained  through  judicious  insulin 
use  based  on  the  data  cited  above  regarding  out- 
come in  cerebral  ischemia.  Compression  to  6  atm 
will  theoretically  reduce  the  size  of  an  air  bubble  to 
one  sixth  its  original  volume,  in  compliance  with 
Boyle's  Law.-  Immediate  recompression  mechani- 
cally decreases  the  size  of  the  embolus  and  permits 
peripheral  relocation  or  reabsorption  of  the  embo- 
lus.''^ However,  delayed  compression  therapy,  even 
10  to  14  days  after  the  injury,  has  been  reported  to 
be  beneficial  for  residual  bubble  effects  and  distal 
tissue  hypoxia.''"' 

In  the  past,  use  of  the  U.S.  Navy  recompression 
Tables  5,  6,  and  6A,'*-  adapted  for  Figure  1,  has  gen- 
erally been  accepted  for  the  treatment  of  CAGE. 
Bond  et  al"^^  recently  reported  that  there  was  no  sig- 
nificant improvement  in  the  outcome  of  divers  with 
CAGE  treated  with  Navy  Table  6  versus  6A  (Fig. 
IB  and  Fig.  IC).  This  is  of  soine  significance  be- 
cause the  former  requires  compression  to  only  60 
feet  seawater  and  the  latter  to  1 20  feet.  McDermott 
et  al'^''  measured  recovery  of  somatosensory-evoked 
potentials  in  anesthetized,  ventilated  cats  random- 
ized to  three  treatment  protocols.  Air  was  infused 
into  the  carotid  artery  until  the  cortical  SEP  ampli- 
tude was  reduced  to  less  than  10%  of  baseline.  The 
control  group  received  no  further  treatment  after 
SEP  suppression.  A  second  group  was  compressed 
to  6  atm  (approximately  120  feet  seawater)  in  air  for 
30  minutes,  then  given  100%  oxygen  at  2.8  atm  (ap- 
proximately 60  feet  seawater)  for  100  minutes.  The 
third  group  was  compressed  to  2.8  atm  on  100% 
oxygen  for  130  minutes.  The  two  treatment  groups 
could  not  be  distinguished  from  each  other  statisti- 
cally based  on  recovery  of  SEP  amplitude. 
McDermott  et  al'^*  postulate  that  treating  CAGE  at 
2.8  atm  with  100%  oxygen  may  be  an  alternative  to 
the  current  compression  to  6  atm  on  air  prior  to  hy- 
perbaric oxygen  therapy  for  CAGE.  Monoplace 
chambers  can  compress  to  60  feet  but  not  120  feet 
and  are  generally  easier  to  locate  than  are  multi- 
place  chambers  with  greater  depth  capability. 
McDermott  et  al  suggest  that  further  studies  be  per- 
formed to  determine  the  usefulness  of  increasing 
concentrations  of  oxygen  at  6  atm  during  initial  re- 
compression for  CAGE.  A  recent  editorial,  howev- 
er, warns  against  attempting  to  associate  SEP  recov- 
ery with  improved  neurologic  outcome.^''  The  mag- 
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Fig.  1.  Navy  recompression  Table  5  (A),  6  (B),  and  6A 
(C).''^  The  darl<  areas  of  the  figure  are  time  periods  during 
whicfi  the  F102  is  1 .0;  the  light  areas  are  air  breathing  peri- 
ods. The  X-axis  gives  the  time  frame  for  each  of  the  activ- 
ities, whereas  the  Y-axis  shows  the  depth  at  which  they 
occur. 


nitude  and  duration  of  cortical  SEP  amplitude  alter- 
ations may  be  iinportant  predictors  of  outcome. 
Also  important  is  whether  the  electrophysiologic 
variables  revert  to  normal. 

Even  though  the  side  effects  of  recompression 
therapy  are  generally  minimal,  oxygen  is  toxic 
when  used  for  prolonged  periods  of  time  or  at  high 
ambient  pressures.  Symptoms  of  pulmonary  oxy- 
gen-toxicity  include  irtitation  and  decreased  com- 
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pliance  and  convulsions  (at  pressures  greater  than  3 
atm)."  Our  experience  is  that  a  sensation  of  burning 
with  deep  inspiration  is  relatively  common  in  pa- 
tients treated  repetitively  in  the  hyperbaric  chamber. 
Resolution  usually  requires  nothing  more  than  delay 
of  further  compression  for  several  days.  At  our  cen- 
ter, presumed  CAGE  is  still  treated  using  Navy 
Table  6A  (Fig.  IC);  however,  we  are  re-evaluating 
our  practice  based  on  the  above-cited  animal  work. 

Many  adjuvant  drug  therapies  have  been  pro- 
posed for  CAGE.^**  Intravenous  steroids  are  used  for 
maintenance  of  capillary  endothelial  integrity,'*--'''* 
but  several  hours  must  pass  before  their  effect  is  ap- 
parent. Pearson  and  Goad'"'*  noted  a  significant  re- 
duction in  the  incidence  of  relapse  following  the  in- 
troduction of  high-dose  steroid  regimens  and  assert- 
ed that  relapse  is  secondary  to  cerebral  edema  from 
disruption  of  the  blood-brain  barrier.  However, 
other  studies  have  failed  to  demonstrate  this  disrup- 
tion or  vasogenic  edema. """^  Diuretics  in  combination 
with  steroids  may  be  helpful  for  treatment  of  cere- 
bral edema,  but  experience  has  been  limited.''' 

Anticoagulants  (such  as  heparin,  which  might  be 
helpful  in  the  resolution  of  thrombi)  are  relatively 
contraindicated  in  air  embolization  secondary  to  the 
risk  of  hemorrhage;  aspirin  may  be  of  some  use  but 
is,  at  present,  controversial.  Animal  experiments 
have  shown  that  naloxone  administration  resulted  in 
improved  neuronal  function  after  stroke;  however, 
no  controlled  studies  exist  in  humans  to  substantiate 
its  use  following  CAGE.  Reduction  of  ICP  using  li- 
docaine  was  studied  by  Evans  and  Kobrine^"  in 
anesthetized,  ventilated  cats.  Their  model  involved 
infusion  of  1  mL/kg  air  at  a  rate  of  2  mL/min  into 
the  vertebral  artery.  The  mean  (±SD)  ICP  rose  from 
II  (3)  mm  Hg  at  baseline  to  69  ( 10)  mm  Hg  3  to  4 
minutes  after  the  air  infusion.  Intracranial  pressure 
in  animals  pretreated  with  5  mg/kg  lidocaine  in- 
creased from  12(1)  mm  Hg  to  only  23  (5)  mm  Hg  3 
to  4  minutes  after  embolization.  The  authors  postu- 
late that  intravenous  lidocaine  caused  vasoconstric- 
tion of  cerebral  vessels  and  thus  a  decrease  in  cere- 
bral blood  flow.  Another  possible  mechanism  de- 
pends upon  the  fact  that  lidocaine  acts  at  the 
Na*-K*  channel.  Increased  extracellular  K*  may 
occur  secondary  to  abnormal  function  of  transport 
mechanisms,  causing  neuronal  depolarization  with 
subsequent  movement  of  calcium  into  the  cells,''' 
possibly  causing  cell  death.  Lidocaine  may  help 


prevent  the  accumulation  of  this  extracellular  K'^. 
Further,  the  antiarrhythmic  effects  of  this  agent  may 
help  preserve  cardiac  output  and  cerebral  perfusion 
pressure,  and,  at  appropriate  blood  levels,  lido- 
caine's  general  anesthetic  effects  may  prevent  in- 
creased oxygen  consumption  secondary  to  seizure 
activity.  However,  the  effect  of  lidocaine  in  various 
ischemic  models  has  yielded  conflicting  results.  For 
instance,  in  one  study,  McDermott  et  al*'  were  un- 
able to  demonstrate  a  significant  benefit  from 
adding  lidocaine  to  recompression  therapy  in  a  cat 
model  of  cerebral  air  embolism.  Yet,  in  another  in- 
vestigation, this  same  group  found  that  lidocaine 
added  benefit  to  hyperbaric  oxygen  therapy  in  a  ca- 
nine model  of  cerebral  air  embolism.^-  Differences 
in  animal  species  and  treatment  protocol,  other  than 
the  utilization  of  lidocaine,  may  partly  explain  these 
differences.  Finally,  no  controlled  studies  in  humans 
exist  to  validate  the  routine  use  of  lidocaine  in  pa- 
tients with  CAGE.  Other  adjunctive  therapies  such 
as  calcium-channel  blockers  and  oxygen  free-radi- 
cal scavengers  have  been  used,  but  further  demon- 
stration of  their  efficacy  is  required.''' 

In  Summary 

CAGE  is  a  disease  that  is  reasonably  difficult  to 
diagnose  with  certainty,  and  its  therapy  has  not  un- 
dergone rigorous  controlled  study  in  humans. 
Although  several  excellent  animal  studies  have 
been  performed,  definitive  research  on  this  patho- 
logic entity  has  yet  to  be  designed  and  conducted. 
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ini|)ortance  of  staving  u|)dated  on  |iollution 
reports.  Item  R31 


Living  with  Asthma 

Ten  million  I  .S.  <-itizens  have  asthma,  and 
this  lip  sheet  gives  them  pointers  on 
following  their  doctor's  advice.  Also  helps 
them  imrlerstnnd  medications,  avoid 
triggers,  and  mainlaiu  good  heahli.  Item  R32 

The  Process  of  Quitting  Smoking 

Everv  vear.  three  uiillion  smokers  gi\t'  up 
cigarettes.  You  can  hel|3  others  i|tiit  with 
these  tips  on  how  thev  can  start  the  |3rocess. 
Item  R33 

Coping  with  Indoor  Air  Pollution 

Indoor  air  polhniiiii  alTects  I'verxnui'.  Fhis 
tip  sheet  gives  |)oinlers  on  coping  widi  13 
types  of  indoor  air  pollution  from  tobacco 
smoke  to  radon  gas.  Item  R34 

Exercising  Safely  with  COPD 

COPD  patients  need  e.xercise.  too,  and  this 
tip  sheet  gives  advice  on  doing  it  safely  from 
wann-np  to  cool-do\\ii.  Item  R35 

Lessening  the  I' ffects  of  COPD 

Much  can  be  done  lo  lc-.>cii  ihc  >ide  effects 
anil  hvniptoms  of  (iOI'D.  Ihis  sheet  gives 
advice  on  how  these  ])atieuts  can  lead  an 
active  and  rewardius  life.  Item  R36 


Test  \bur 
Radiologic  Skill 


Patricia  A  Doorley  MS  RRT  and  Charles  G  Durbin  Jr  MD,  Section  Editors 


Hypoxemia  in  a  Postpartum  Patient  with  Complex 
Congenital  Heart  Disease 

Henry  Vega  MD  and  Charles  G  Durbin  Jr  MD 


A  25-year-old  woman  with  Eisenmenger's  syn- 
drome (ES)  was  admitted  at  34-weeks  gestation  for 
elective  cesarean-section  delivery  and  surgical  ster- 
ilization. She  had  been  born  with  transposition  of 
the  great  vessels  and  a  ventricular  septal  defect 
(VSD)  and  underwent  a  Mustard  procedure  at  age 
13  years.  Since  then  she  had  had  good  exerci.se  tol- 
erance. At  18-weeks  gestation,  she  began  to  experi- 
ence shortness  of  breath  with  moderate  exertion  and 
at  20-weeks  gestation  she  developed  supraventricu- 
lar tachycardia  and  worsening  shortness  of  breath. 
She  was  treated  with  digoxin  and  her  heart  convert- 
ed to  sinus  rhythm.  At  that  time,  her  PaO:  on  room 
air  was  52  torn  She  was  started  on  continuous  oxy- 
gen at  2  L/min,  resulting  in  improvement  of  her  hy- 
poxemia, and  she  continued  to  use  oxygen  for  the 
remainder  of  her  pregnancy. 


Dr  Vega  is  Staff  Anesthesiologist,  Moorehead  Memorial  Hos- 
pital, Eden,  North  Carolina,  and  Dr  Durbin  is  Professor  of 
Anesthesiology  and  Surgery,  University  of  Virginia  Health 
Sciences  Center,  Charlottesville.  Virginia. 


After  placement  of  catheters  for  monitoring  cen- 
tral venous  pressure  (CVP)  and  for  arterial  sam- 
pling, the  patient  underwent  an  uneventful  low- 
transverse  cesarean-section  delivery  under  epidural 
anesthesia.  She  was  transferred  to  the  surgical  inten- 
sive care  unit  (SICU)  for  postoperative  care  and 
monitoring.  On  admission  to  the  SICU,  the  patient 
was  given  oxygen  by  nonrebreathing  mask,  and  her 
hemoglobin  saturation,  measured  by  pulse  oxime- 
try, ranged  98-100%.  By  the  third  postoperative  day 
she  had  been  weaned  to  oxygen  by  nasal  cannula  at 
2  L/min  and  was  maintaining  normal  arterial  satura- 
tion. Subcutaneous  sodium  heparin  was  begun  at 
that  time  to  reduce  the  risk  of  thrombosis. 

Later  that  day,  her  oxygen  saturations  were  noted 
to  be  decreased  (range  of  84-89%),  despite  the  in- 
crease in  Fio:  that  resulted  from  oxygen  administra- 
tion using  a  nonrebreathing  face  mask.  Her  mea- 
sured CVP  was  6-8  mm  Hg  at  that  time  and  fluids 
were  given  to  treat  presumed  right-to-left  shunting 
from  decreased  pulmonary  blood  flow.  Her  CVP  did 
not  change  despite  the  administration  of  more  than 
2  L  of  fluid.  Hypoxemia  persisted,  and  a  chest  ra- 
diograph was  taken  (Fig.  1 ). 


How  would  you  answer  these  questions? 

What  docs  the  chest  radiograph  show?    
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Fig.  1.  Anteroposterior  ctiest  radio- 
graph of  a  25-year-old  woman  3  days 
after  sine  underwent  an  elective  ce- 
sarean-section  delivery  and  surgical 
sterilization. 


What  is  the  hkely  cause  of  hypoxemia  in  this  patient? 


What  is  the  pathophysiologic  basis  of  hypoxemia  in  Eisenmenger's  syndrome'? 


What  therapeutic  options  exist  for  this  patient? 


Answers  and  Discussion  on  Next  Page 
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Answers 

Chest  Radiograph  Findings:  The  chest  radiograph 
shows  a  right  upper  lobe  (RUL)  density  with  right- 
ward  deviation  of  the  upper  trachea  and  other  medi- 
astinal structures.  An  enlarged  cardiac  shadow  can 
be  seen,  with  left  ventricular  prominence  and  blunt- 
ing of  the  right  costophrenic  angle  (small  pleural  ef- 
fusion). The  evidence  of  the  previous  sternotomy 
for  Mustard  repair  of  transposition  of  the  great  ves- 
sels— five  sternal  wires — is  also  apparent,  and  the 
central  line,  seen  outside  the  thorax,  is  kinked  back 
upon  it.self. 

Cause  of  Hypoxemia:  The  radiograph  shows  RUL 
collapse.  In  RUL  collapse,  the  apical  segment  usu- 
ally collapses  toward  the  mediastinum.  The  ra- 
diopacity  of  the  RUL  depends  on  the  degree  of  col- 
lapse, making  the  diagnosis  of  partial  collapse  diffi- 
cult from  the  anteroposterior  view.  Classic  signs  of 
RUL  collapse  include  elevation  of  the  minor  fissure 
(seen  as  the  lower  edge  of  the  RUL  shadow  in  Fig. 
1 ),  fuzzy  right-lateral  border  of  the  superior  medi- 
astinum, and  loss  of  definition  of  the  upper-right 
margin  of  the  ascending  aorta.  Tracheal  deviation 
toward  the  right  is  not  often  seen  but,  in  this  case, 
was  easy  to  recognize.  RUL  collapse  with  resultant 
intrapulmonary — not  intracardiac — shunting  of 
blood  was  the  cause  of  this  patient's  hypoxemia. 

Pathophysiologic  Basis  of  Hypoxemia:  The  radio- 
graphic findings  in  ES  seen  in  this  patient  included 
cardiomegaly,  a  small  right-side  pleural  effusion 
(indicative  of  cardiac  failure),  and  large  pulmonary 
arteries  indicating  pulmonary  hypertension.  These 
classic  radiographic  signs  of  Eisenmenger's  are  il- 
lustrated in  Figure  2.  The  radiologic  criterion  for  the 
diagnosis  of  pulmonary  hypertension  in  this  patient  is 
the  increased  diameter  of  the  right  inferior  pulmonary 
artery. 

The  pathophysiology  of  ES  is  that  chronic  pul- 
monary hypertension  leads  to  reversal  of  the  usual 
left-to-right  intracardiac  shunt  and  produces  bidi- 
rectional or  right-to-lefl  shunt,  causing  profound  ar- 
terial dcsaturation.  Any  condition  that  alters  the  del- 
icate balance  between  the  right  and  left  circulations 
may  make  the  shunt  worse  and  cause  hypoxemia.  A 
low  cardiac  output  due  either  to  inadeqate  cardiac 
filling  pressures  or  a  rise  in  pulmonary  pressures  is 
often  a  cause  of  hypoxemia  in  patients  with  ES. 


Fig.  2.  The  radiologic  signs  of  Eisenmenger's  syndrome 
are  illustrated  in  this  drawing.  (A)  cardiomegaly  (cardio- 
thoracic  ratio  >  0.5),  (B)  congestive  heart  failure  causing 
pleural  effusion,  and  (C)  large  inferior  pulmonary  artery 
(diameter  >  1  cm). 


We  assumed  that,  in  this  case,  the  low  postopera- 
tive values  of  CVP  indicated  hypovolemia.  The 
fluid  administration  was  our  attempt  to  decrease  the 
presumed  right-to-left  intracardiac  shunt.  From  the 
radiograph  taken  after  the  patient  failed  to  improve 
(Fig.  1),  the  accuracy  of  the  CVP  measurement  was 
challenged  because  the  catheter  appeared  to  be  mal- 
positioned,  which  meant  that  the  measurement  of 
CVP  was  not  a  true  indication  of  intravascular  vol- 
ume. 

Therapeutic  Options:  The  therapeutic  options 
available  to  reverse  lobar  collapse  include  aggres- 
sive chest  physiotherapy,'  incentive  spirometry,  and 
endotracheal  suctioning.-  Occasionally  bron- 
choscopy is  necessary  to  remove  a  mucus  plug.  In 
mechanically  ventilated  patients,  it's  often  helpful 
to  increase  the  tidal  volume  and  PEEP  levels.  This 
patient  never  became  dyspneic  postoperatively  and 
was  successfully  treated  with  chest  physiotherapy 
and  upright  positioning.  The  chest  radiograph 
shown  in  Figure  3  shows  resolution  of  the  RUL  col- 
lapse with  return  of  the  trachea  to  midline,  but  the 
small  right  pleural  effusion  (medial-costophrenic- 
angle  blunting)  persists.  The  central  line  has  been 
removed. 
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Fig.  3.  Anteroposterior  chest  radio- 
graph was  taken  after  2  days  of  chest 
physiotherapy  and  upright  positioning 
and  shows  full  resolution  of  the  RUL 
atelectasis.  The  small  medial-costo- 
phrenic  pleural  effusion  persists. 


Discussion 

Options  for  palliative  surgical  correction  for  a  pa- 
tient with  transposition  of  the  great  vessels  (TGV) 
include  the  Rashkind-Miller  balloon  atrial  septosto- 
my and  the  Blalock-Hanlon  open  atrial  septectomy. 
The  principle  behind  these  two  procedures  is  to  es- 
tablish (or  increase)  an  anatomical  connection  be- 
tween the  right  and  left  sides  of  the  heart  that  allows 
mixing  of  deoxygenated  blood  with  oxygenated 
blood.  This  promotes  both  patient  survival  and 
growth.  At  a  later  stage,  a  more  definitive  procedure 
can  be  considered. 

Definitive  repairs  of  TGV  can  be  made  at  the 
atrial  or  ventricular  level.  In  the  Mustard  procedure 
pericardial  or  prosthetic  material  and  in  the  Senning 
procedure  the  atrial  wall  itself  are  used  to  separate 
and  redirect  blood  to  the  transposed  ventricles. 
Atrial  and  ventricular  septal  defects  are  closed  to 
completely  separate  the  pulmonary  and  systemic 
circulations.  Unfortunately,  the  anatomically  'incor- 


rect' ventricle  (right  ventricle)  cannot  assume  the 
pressure-load  meant  for  the  left  ventricle  indefinite- 
ly, and  patients  who  undergo  these  procedures  usu- 
ally die  in  their  mid-to-late  twenties  of  heart  failure. 

Arterial-switch  operations — Jatene,  Norwood, 
and  Damus-Kaye-Stansel  procedures — result  in  the 
'correct'  ventricle  pumping  blood  to  the  'correct' 
circuit.^  The  right  ventricle  pumps  to  the  pulmonary 
circulation  and  the  left  ventricle  pumps  to  the  sys- 
temic circulation.  In  theory,  patients  who  have  these 
procedures  should  live  longer:  however,  operative 
mortality  is  higher  in  patients  who  undergo  defini- 
tive repair.  Because  these  procedures  are  relatively 
new,  effects  on  longevity  are  not  known  for  certain. 

In  this  patient,  although  a  Mustard  procedure  had 
been  performed,  the  VSD  was  left  open  because 
pulmonary  hypertension  was  already  present.  The 
persistently  increased  pulmonary  blood  flow  that  re- 
sulted, produced  further  increases  in  PVR  and,  fi- 
nally, Eisenmenger's  syndrome. 

Eisenmenger's  syndrome  occurs  when  pul- 
monary hypertension  develops  and  causes  bidirec- 
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tional  or  right-to-left  shunting  of  blood  through  an 
intracardiac  or  intrapulmonary  communication.'  It 
can  occur  secondary  to  complex  congenital  malfor- 
mations, various  septal  defects,  or  patent  ductus  ar- 
teriosus. VSD  is  the  septal  defect  that  is  most  com- 
monly associated  with  ES.  The  two  events  that 
cause  most  of  the  problems  seen  in  pregnant  pa- 
tients with  ES  are  (1)  a  decrease  in  the  systemic 
blood  pressure  leading  to  increased  right-to-left 
shunt  and  hypoxemia,  and  (2)  thromboembolic 
events  leading  to  further  pulmonary  embarrassment 
or  paradoxic  cerebral  emboli  (emboli  that  arise  from 
the  systemic  circulation,  pass  through  the  VSD,  and 
lodge  in  a  cerebral  artery).'* 

The  pathophysiologic  basis  for  the  acute  changes 
seen  in  ES  involve  the  tenuous  balance  between  the 
systemic  vascular  resistance  (SVR)  and  pulmonary 
vascular  resistance  (PVR).  Any  change  that  pro- 
duces a  decrease  in  SVR  or  an  increase  in  PVR 
serves  to  augment  the  degree  of  right-to-left  shunt, 
which  worsens  hypoxemia  and  further  increases 
PVR. 

Patients  with  ES  often  have  the  associated  physi- 
cal findings  of  chronic  hypoxemia,  including 
cyanosis,  digital  clubbing,  and  elevated  hematocrit. 
Exertional  dyspnea  and  fatigue  are  common,  and 
heart  failure,  arrhythmias,  syncope,  chest  pain, 
hemoptysis,  and  gout  are  also  seen  and  often  be- 
come worse  with  stress.  Patients  may  have  a  fixed 
second  heart  sound  over  the  pulmonic  area  and  a  va- 
riety of  cardiac  murmurs.  Biventricular  hypertrophy 
and  failure  may  also  be  present. 

The  definitive  treatment  of  ES  is  a  combined 
heart  and  lung  transplant.  The  natural  history  of  ES 
is  slow  progression  over  many  years.  Once  heart 
failure  or  a  rise  in  hematocrit  above  60%  occurs, 
prognosis  is  poor.  Because  the  lung  vessels  are  dam- 
aged by  the  high  pressures  and  hypoxemia,  cardiac 
transplant  alone  is  not  sufficient  for  success.  ES  is 
the  most  common  indication  for  combined  heart- 
lung  transplant.'' 

Unfortunately,  women  with  ES  often  have  few 
symptoms  until  they  become  pregnant.  The  mortali- 
ty of  ES  in  pregnancy  approaches  50%  and  appears 
to  remain  this  high  with  each  subsequent  pregnan- 
cy.'' Although  compromised  patients  tend  to  have 
poor  outcomes,  good  functional  status  prior  to  preg- 
nancy is  not  necessarily  protective.  The  highest  risk 


of  mortality  appears  to  be  in  the  immediate  postpar- 
tum period.^  The  clinical  deterioration  seen  is  usual- 
ly associated  with  sudden  changes  in  existing  shunts 
secondary  to  postpartum  blood  loss,  pulmonary  em- 
bolism, and  inability  of  the  pulmonary  vasculature 
to  adjust  to  the  increased  intravascular  volume  nor- 
mally seen  with  pregnancy  and  delivery.  Mana- 
gement of  these  patients  usually  consists  of  careful 
fluid  and  blood  pressure  monitoring  and  a  con- 
trolled, stress-free,  planned  delivery.^  The  risk  of 
placing  a  pulmonary  artery  catheter  in  a  representa- 
tive of  this  population  may  outweigh  the  benefits. 
The  incidence  of  pulmonary  artery  rupture  may  be 
higher  because  of  pre-existing  pulmonary  hyperten- 
sion.'^ Additionally,  the  arrhythmias  induced  by  pul- 
monary artery  catheters'"  may  further  decrease  car- 
diac output  and  pulmonary  blood  flow.'"" 
Although  still  controversial,  anticoagulation  should 
always  be  considered  to  help  minimize  the  risk  of 
thromboembolism. 

This  patient  was  admitted  for  early  delivery  be- 
cause of  worsening  cardiac  status.  She  experienced 
an  uneventful  early  postoperative  course  but  several 
days  later  developed  hypoxemia.  Her  hypoxemia 
was  thought  to  be  due  to  the  intraoperative  blood 
loss  that  resulted  in  a  decrease  in  CVP  and  thus  in- 
creased intracardiac  shunt.  When  the  initial  fluid  re- 
suscitation was  unsuccessful  in  improving  her  hy- 
poxemia, a  chest  radiograph  was  obtained  that 
showed  RUL  collapse.  This  case  illustrates  that 
even  in  the  complicated  patient,  simple  problems 
are  still  common  and  should  not  be  overlooked. 
Conservative  management  resulted  in  improved 
oxygenation.  The  patient  and  her  baby  continued  to 
do  well  and  were  discharged  home.  When  and  if  her 
symptoms  worsen  (increased  hematocrit  and  heart 
failure),  combined  heart-lung  transplantation  will 
be  considered. 
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Drugs  for  Pulmonary  Mycoses 


Hugh  S  Mathewson  MD 


Introduction 

The  incidence  of  opportunistic  in- 
fections grows  apace  with  the  in- 
creasing number  of  immunocompro- 
mised patients.  To  the  population  of 
transplant  recipients  and  those  on 
cancer  chemotherapy  are  now  added 
the  steadily  rising  number  of  patients 
with  AIDS,  contracted  in  a  global 
pandemic  now  entering  its  second 
decade.  The  rising  incidence  of  tuber- 
culosis reflects  this  epidemiologic 
trend  and  illustrates  the  inadequacy 
of  our  therapeutic  resources.  A  simi- 
lar scenario  has  developed  with  the 
group  of  pulmonary  and  systemic 
diseases  cau.sed  by  fungi,  known  col- 
lectively as  mycoses.  Although  pri- 
mary systemic  fungal  infection  does 
occur,  most  generalized  mycoses  are 
opportunistic,  occurring  as  the  result 
of  failure  of  host  immunity.  In  pa- 
tients on  cytotoxic  drugs,  the  main 
problem  is  neutropenia,  whereas  in 
AIDS  patients  the  defect  is  a  loss  of 
T-helper  (or  CD-4)  cells.  Effective 
antifungal  chemotherapy  must  be 
prolonged  to  prevent  relapse,  and  in 
many  cases  must  be  extended  indefi- 
nitely.  Each  year  drug-resistant 
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strains  of  fungi  appear  and  new  speci- 
es are  identified,  compounding  the 
uncertainties  of  drug  management. 

The  chemotherapy  of  mycoses  is 
seriously  limited  by  a  paucity  of 
available  drugs.   Amphotericin  B, 
considered  the  most  effective  .sys- 
temic antifungal  agent  since  its  intro- 
duction in  the  late  1950s,  has  severe 
dose-limiting  toxicity  and  variable 
efficacy;  flucytosine,  which  appeared 
a  few  years  later,  is  characterized  by 
a  narrow  spectrum,  rapid  emergence 
of  resistance,  and  serious  toxic  side 
effects.  Since  1980,  when  ketocona- 
zole  was  introduced,  pharmaceutical 
researchers  have  focused  on  the 
group  of  compounds  collectively 
known  as  azoles  (Fig.  1 ).  These  con- 
tain one  or  more  5-membered  hetero- 
cyclic rings  incorporating  either  two 
or  three  nitrogen  atoms.  Those  with 
2-nitrogen  heterocycles  are  known  as 
imidazoles,  those  with  3-nitrogen  het- 
erocycles are  termed  triazoles.  They 
can  be  given  orally,  unlike  ampho- 
tericin B.  Fluconazole  and  itracona- 
zole, both  bi-triazoles,  have  been 
increasingly  employed  for  systemic 
mycoses,  and  a  newer  derivative, 
saperconazole.  will  probably  be  ap- 
proved in  this  decade.  The  clinical 
status  of  the  azoles  has  been  sum- 
marized in  a  number  of  recent  re- 
views.''' 

Nearly  all  recently  developed 
drugs  are  expensive,  and  the  long- 
continued  administration  that  many 
patients  with  systemic  mycoses  re- 
quire presents  formidable  cost-con- 
tainment problems.  This  article  sum- 
iTiarizes  the  present  position  of  each 
of  these  drugs. 


Antifungal  Compounds 

Table  1  lists  the  common  mycotic 
diseases  that  affect  the  lungs  and  the 
current  agents  of  choice.  A  discus- 
sion of  new  antifungal  compounds, 
most  of  them  in  the  preclinical  stage 
of  development,  is  also  presented. 

Amphotericin  B 

Amphotericin  B  is  a  macrolide  an- 
tibiotic that  belongs  to  the  pharmaco- 
logic category  known  as  polyenes 
(Fig.  2);  the  topical  agent  nystatin  is 
also  in  this  group.  Polyene  antibiotics 
bind  to  ergosterol  in  the  membranes 
of  fungal  cells,  causing  pore  forma- 
tion and  irreversible  damage.  Am- 
photericin B  also  binds,  unfortunate- 
ly, to  cholesterol,  which  is  present  in 
many  animal  cell  membranes.  This 
probably  accounts  in  part  for  its  vis- 
cerotoxicity.  For  treatment  of  sys- 
temic fungal  infections,  it  is  given  by 
slow  intravenous  infusion  over  4-6 
hours.  Administration  by  this  route 
usually  produces  chills,  fever,  vomit- 
ing, and  headache.  The  drug  impairs 
renal  and  hepatocellular  function  and 
suppres.ses  hematopoiesis.  Shocklike 
episodes,  electrolyte  disturbances, 
and  neurologic  symptoms  are  com- 
mon. Renal  tubular  damage  is  .so  fre- 
quent that  the  drug  may  be  impossi- 
ble to  use  in  the  patient  with  pre-ex- 
isting kidney  disease.' 

Amphotericin  B  has  been  refor- 
mulated in  attempts  to  maintain  a 
therapeulic  serum  level  and  reduce 
toxicity.  A  desoxycholate  conjugate 
(Fungizone)  has  been  used  succes.s- 
fully  for  systemic  candidiasis  and  as- 
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Saperconazole 
Fig.  1.  Azole  antifungal  agents  used  for  treatnnent  of  systemic  mycoses. 


pergillosis,  but  still  has  limited  use  in 
therapy.  Preparations  of  the  drug  with 
lipid  complexes  or  incorporation  into 
liposomes  have  been  given  clinical 
trials  as  delivery  systems.**  Combined 
therapy  with  other  antifungal  drugs 
has  been  explored  to  reduce  ampho- 
tericin toxicity.  However,  the  drug 
has  set  a  standard  for  efficacy  that 
only  recently  has  begun  to  be  ap- 
proached by  newer  antifungal  agents, 
although  it  has  major  therapeutic 
gaps  and  the  results  of  treatment  have 
been  variable  and  unpredictable. 

Flucytosine 

Flucytosine  ''  is  an  antifungal  drug, 
closely  related  to  fluorouracil  and 


floxuridine,  used  in  cancer  chemo- 
therapy (Fig.  2).  Only  those  fungal 
strains  that  convert  flucytosine  to  flu- 
orouracil are  susceptible.  The  latter 
compound  inhibits  thymidylate  syn- 
thetase and  DNA  synthesis.  This  bio- 
transformation does  not  occur  in 
mammalian  cells,  and  flucytosine  is 
thus  relatively  less  toxic.  However, 
prolonged  high  serum  levels  can 
cause  bone  marrow  depression,  hair 
loss,  and  altered  liver  function.  Dnig 
resistance  secondary  to  the  selection 
of  nonsusceptible  mutants  occurs  of- 
ten and  is  an  important  cause  of  ther- 
apeutic failure.  The  drug  is  now  rare- 
ly used  alone  for  treatment  of  sys- 
temic mycoses. 


Imidazoles 

A  number  of  synthetic  imidazole 
derivatives  were  advanced  as  antifun- 
gal agents  in  the  1970s  and  1980s. 
These  compounds  were  found  to  in- 
hibit fungal  growth  by  blocking  the 
synthesis  of  certain  lipids  in  their  cell 
membranes,  notably  ergosterol.  All 
of  them  inhibit  the  enzyme  C-14  lan- 
osterol  demethylase'"but  have  differ- 
ent effects  on  other  enzymes  affect- 
ing sterol  synthesis.  Most  of  them  can 
be  used  only  topically  (eg,  clotrima- 
zole, miconazole)  because  of  serious 
systemic  toxic  properties.  Keto- 
conazole  (1981)  was  the  first  imida- 
zole derivative  to  be  introduced  that 
could  be  given  orally  for  extended 
periods.  This  drug  revolutionized  an- 
tifungal therapy,  especially  for  the 
treatment  of  histoplasmosis,  blasto- 
mycosis, and  paracoccidioidomyco- 
sis.'"'' 

Ketoconazole  causes  some  dose- 
dependent  nausea,  although  taking  it 
with  food  or  at  bedtime  improves  tol- 
erance. It  inhibits  steroid  biosynthe- 
sis, as  it  does  in  fungi,  by  inhibition 
of  cytochrome  P45o-dependent  en- 
zyme systems.  Several  endocrinolog- 
ic  abnormalities  have  been  reported, 
largely  related  to  disorders  of  estro- 
gen, androgen,  and  corticosteroid 
synthesis."'- With  the  appearance  of 
triazole  derivatives,  the  use  of  keto- 
conazole has  declined,  and  interest 
has  waned  in  further  investigation  of 
imidazole  derivatives. 

Triazoles 

Fluconazole  was  approved  for  use 
in  the  USA  in  1990."  It  is  more  water 
soluble  and  more  readily  absorbed 
from  the  gastrointestinal  tract  than 
ketoconazole.  Although  it  can  be 
given  either  orally  or  parenterally,  it 
is  almost  equally  efficacious  given  by 
either  route,  as  reflected  by  its  serum 
levels.  It  has  offered  a  reasonably  ef- 
fective alternative  to  amphotericin  B 
for  treatment  of  systemic  candidiasis. 
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Table  1 .    Drugs  of  Choice  for  Common  Systemic  Mycoses 


Mycosis 


First  Options 


Aspergillosis 
Blastomycosis 

Candidiasis 
Coccidioidomycosis 

Cryptococcosis 
Histoplasmosis 

Paracoccidioidomycosis 

Sporotrichosis 


Amphotericin  B 
(liposomal) 

Itraconazole 
Ketoconazole 
Amphotericin  B 

Fluconazole 
Amphotericin  B/flucytosine 

Amphotericin  B 
Ketoconazole 


Amphotericin  B/flucytosine 


Itraconazole 
Amphotericin  B 
Ketoconazole 

Itraconazole 
Amphotericin  B 
Ketoconazole 

Itraconazole 
Amphotericin  B 


Investigational 
Drugs 

Itraconazole 
Saperconazole 


Itraconazole 


Fluconazole 
Itraconazole 
Saperconazole 

Fluconazole 
Itraconazole 

Saperconazole 


Saperconazole 


Saperconazole 


and  can  suppress  cryptococcal  men- 
ingitis in  AIDS  patients,  an  important 
therapeutic  breakthrough.'^  Com- 
pared to  the  older  antifungal  agents, 
its  toxic  properties  are  mild,  consist- 
ing mostly  of  gastrointestinal  distur- 
bances, skin  rashes,  and  sometimes 
hepatic  dysfunction. 

Itraconazole,  a  triazole  structural- 
ly related  tt)  ketoconazole,  has  recent- 
ly (1992)  become  available  in  oral 
form,  and  may  offer  a  broader  spec- 
trum of  antifungal  activity,  particu- 
larly against  aspergillosis.''^  '''  While 
fluconazole  is  largely  excreted  un- 
changed, itraconazole  (like  ketocona- 
zole) is  extensively  metabolized. 
However,  itraconazole  is  much  the 
longer  acting  of  the  two,  with  a  half- 
life  of  24  to  42  hours,  compared  to  7 
to  10  hours  for  lluconazole.  The  tria- 
zoles  do  not  inhibit  steroidogenesis,  a 


problem  encountered  with  ketocona- 
zole. Fluconazole  has  little  effect  on 
the  immune  system,  whereas  itra- 
conazole is  definitely  immunosup- 
pressive. Saperconazole,  a  newer  tri- 
azole compound,  has  undergone  clin- 
ical trials  and  shows  a  broad  spectrum 
of  antifungal  activity."^-"  It  is  espe- 
cially effective  in  candidiasis  and 
cryptococcosis.  It  awaits  the  approval 
of  the  U.S.  Food  and  Drug  Adminis- 
tration (FDA). 

Investigational  Antifungal 
Compounds 

New  chemicals  proposed  for  trial 
as  antifungal  agents  must  first  be  test- 
ed in  vitro.  Antifungal  susceptibility 
testing  is  not  uniformly  standardized, 
with  the  result  that  correlations  be- 
tween in-vitro  results  and  responses 


in  animal  models  are  often  conflict- 
ing. A  number  of  compounds  that  ap- 
peared promising  in  the  microbiology 
laboratory  have  been  found  wanting 
in  subsequent  animal  studies.  Of  even 
more  disturbing  significance,  clinical 
failures  have  occurred  where  in-vitro 
sensitivity  studies  have  been  strongly 
positive.  It  has  been  suggested  that 
triazoles  not  be  tested  in  vitro.-'  Work 
is  in  progress  to  establish  uniform 
susceptibility  testing  of  yeasts.  It  is 
less  certain  that  correlations  between 
in-vitro  and  in-vivo  re.sponses  will  soon 
be  developed  for  many  mycoses,  es- 
pecially those  due  to  molds.  Devel- 
opment of  antifungal  drugs  of  clinical 
worth  will  be  problematic  until  this 
can  be  accomplished. -- 

There  is  limited  interest  in  further 
development  of  polyenes.  New  lipid 
formulations  of  amphotericin  B,  nys- 
tatin, and  a  related  compound,  hamy- 
cin,-'are  under  investigation,  but  it  is 
likely  that  viscerotoxic  properties 
will  prevent  their  widespread  accep- 
tance for  any  but  the  most  life-threat- 
ening mycoses.  New  azoles  include 
saperconazole,  mentioned  earlier, 
which  is  in  the  clinical  trial  period. 
The  study  of  a  very  promising  tria- 
zole, SCH  39304,  was  interrupted 
when  carcinogenic  properties  were 
manifested  in  rodents.---^  Formula- 
tions with  beta-cyclodextrins  as  carri- 
ers will  enable  new  azoles  to  be  given 
intravenously.-' 

Finding  a  biochemical  target  in 
fungi  other  than  sterol  synthesis  now 
occupies  a  number  of  research  ef- 
forts, some  particularly  directed  to- 
ward control  of  candidiasis.  Certain 
lipopeptides,  the  best  known  of 
which  is  cilofungin  (LY 12 101 9),  pro- 
tects against  Candida  by  interfering 
with  synthesis  of  an  intermediary 
metabolite,  1,3-beta-D-glucan.--'  A 
number  of  families  of  cytotoxic  an- 
tibiotics (sampangines,-''  pradimi- 
cins,-'  and  others-)  have  provided 
compounds  with  antifungal  proper- 
ties, They  show  general  cytotoxicity, 
creating  interest  for  their  investiga- 
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Fig.  2.  Early  generation  systemic  antifungal  drugs. 


tion  as  anticancer  drugs,  but  they  lack 
specificity  for  fungi.  Their  in-vitro 
activity  against  C.  albicans  is  one  test 
commonly  employed  to  determine 
whether  further  studies  are  warrant- 
ed. 

With  the  exception  of  sapercona- 
zole,  it  appears  unlikely  that  any  new 
systemic  antifungal  agents  will  be  re- 
leased before  the  end  of  the  decade. 
However,  the  urgency  of  treatment  of 
systemic  mycoses  in  AIDS  patients 
may  accelerate  FDA  release  of  select- 
ed compounds  of  demonstrated  effi- 
cacy. For  neutropenic  patients  on 
cancer  chemotherapy,  there  is  now 
considerable  interest  in  biologic 
products  to  reduce  immunodeficien- 
cy. These  include  granulocyte-mac- 
rophage colony-stimulating  factor, 
recombinant  human  cytokines,  and 
transfusable  preparations  of  effector 
cells. 

In  Summary 

Systemic  mycoses  are  part  of  a 
growing  public  health  problem.  Diag- 
nosis in  immunocompromised  pa- 
tients may  not  be  evident  until  the 
disease  has  become  untreatable.  It 
may  be  reasonable  to  administer  anti- 
fungal drugs  prophylactically  to  neu- 
tropenic or  CD-4  deficient  patients. 
Recent  studies  of  antifungal  prophy- 


laxis in  patients  with  neoplastic  dis- 
eases have  been  summarized  in  a  re- 
cent report.-*'  One  uncontrolled  study 
of  interest  involved  the  use  of  aeroso- 
lized amphotericin  B  for  prevention 
of  aspergillosis.-'' 

The  costs  of  drug  prophylaxis  can 
be  exorbitant  because  many  of  these 
patients  will  be  on  an  antifungal  drug 
regimen  for  life.  Screening  methods 
to  identify  mycoses  in  their  formative 
periods  are  urgently  needed.  Early 
aggressive  drug  treatment  may  save 
lives  that  might  otherwise  be  lost 
waiting  for  a  response  to  anticancer 
chemotherapy.  Whether  these  thera- 
peutic efforts  can  be  sustained  de- 
pends on  more  accurate  selection  of 
patients,  and  on  the  development  of 
novel  antifungal  drugs  to  combat  re- 
sistant organisms.  This  is  a  form- 
idable future  assignment  imposed  on 
the  medical  community  and  on  phar- 
maceutical researchers. 
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Classic  Reprints 


Retrospectroscope  Redux: 


"Tell  It  Like  It  Was" 


In  the  first  article  of  this  series,'  I  wrote  that  I  did 
not  intend  to  use  the  Retrospectroscope  to  uncover 
who  did  wliat  before  whom,  but  rather  to  analyze 
how  and  why  important  discoveries  (and  sometimes 
rediscoveries)  came  about.  I  can  tell  you  unequivo- 
cally that  it's  a  hard  job — largely  because  of  the  rigid 
format  and  style  of  the  modern  scientific  article. 
Scientists  presumably  spend  a  lifetime  in  science  be- 
cause of  the  joy  of  discovery,  but  this  joy  rarely  comes 
through  to  the  reader  of  their  scientific  articles. 
Worse,  for  those  seriously  interested  in  learning 
more  about  the  process  of  scientific  discoveiy,  the 
scientist,  once  he  changes  into  the  role  of  author, 
rarely  "tells  it  like  it  was";  he  conforms  to  the 
IMRAD)  style — Introduction  (concise  and  imper- 
sonal) Methods,  Results  And  Discussion — and  leaves 
oiu,  "Wliy  did  I  do  it?  Was  my  initial  idea  right  or 
wrong?  How  did  I  get  on  the  right  track?" 

Schilling,  in  an  article  published  in  1958-  laid  it 
on  the  line  in  his  subtitle:  "Science  as  Lived  by  Its 
Practitioners  Bears  but  Little  Resemblance  to 
Science  as  Described  in  Print."  He  then  went  on  to 
say: 

. . .  the  findings  of  science  are  usually  presented  to 
students  and  the  public  as  straightforward,  logical 
developments,  rather  than  in  such  a  way  as  to  reveal 
how  they  actually  evolved — haltingly,  circuitously, 
with  many  false  starts,  and  often  even  illogically. 
Wliile  there  are,  of  course,  very  good  reasons  for 
this,  the  fact  is  that,  in  the  absence  of  further  expla- 
nation, it  leaves  the  uninitiated  with  a  thoroughly 
misleading  idea  of  the  processes  of  science. 

Six  years  later,  Medawar  also  took  scientists  to  task 
for  doing  their  research  one  way,  and  telling  it  anoth- 
er way.'  In  his  "Is  the  Scientific  Article  Fraudulent? 
Yes;  It  Misrepresents  Scientific  Thought"  he  writes: 


Reprinted,  with  permission  of  the  American  Lung  Associa- 
tion, from  Am  Rev  Respir  Dis  1976;1 13:667-676. 


...  I  do  not,  of  course,  mean  "Does  the  scientific 
paper  misrepresent  facts?"  and  I  do  not  mean  that 
the  interpretations  you  find  in  a  scientific  paper  are 
wrong  or  deliberately  mistaken.  I  mean  the  scientific 
paper  may  be  a  fraud  because  it  misrepresents  the 
processes  of  thought  that  accompanied  or  gave  rise 
to  the  work  that  is  described  in  the  paper. 

That  is  the  question,  and  I  will  say  right  away  that 
my  answer  to  it  is  "yes."  The  scientific  paper  in  its  or- 
thodox form  does  embody  a  totally  mistaken  con- 
ception, even  a  travesty,  of  the  nature  of  scientific 
thought.  . . . 

Once  in  a  while,  a  scientist  does  tell  us,  in  his  ini- 
tial report,  how  he  came  upon  his  disccjvery.  Roent- 
gen did  (see  "The  Inside  Stor)"^).  So  did  Sidney 
Ringer  (forever  famous  for  Ringer's  solution) ,  whose 
discovery  of  the  essential  role  of  calcium  and  potas- 
sium in  normal  cardiac  contraction  and  rhythm  was 
all-important  to  much  of  today's  basic  and  clinical  re- 
search on  the  heart. 

Calcium  and  Cardiac  Contraction 

How  did  Ringer  make  his  celebrated  discoveiy? 
Here  are  his  words  in  the  1 883  yof/nio/  of  Physiology^' 

After  the  publication  of  a  paper  in  ihe  Jour-n at  of 
Physiology,  Vol  III,  No  5,  endded  "Concerning  the  in- 
fluence exerted  by  each  of  the  Constituents  of  the 
Blood  on  the  Contraction  of  the  Ventricle,"  I  discov- 
ered that  the  saline  solution  wliich  I  had  used  had 
not  been  prepared  with  distilled  water,  but  with  pipe 
water  supplied  by  the  New  River  Water  Company.  As 
this  water  contains  minute  traces  of  various  inorgan- 
ic substances,  I  at  once  tested  the  action  of  saline  so- 
lution made  with  distilled  water  and  I  found  that  I 
did  not  get  the  effects  described  in  the  paper  re- 
ferred to.  It  is  obvious  therefore  that  the  effects  I 
had  obtained  are  due  to  some  of  the  inorganic  con- 
stituents of  the  pipe  water. 

Water  supplied  by  the  New  River  Water  Company 
contains  278.6  parts  of  solids  per  million. 
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[The  actual  total  of  the  solids  listed  is  283.5  parts  per 
million.] 

Thev  consist  of: 


Calcium 

38.3  per  million 

Magnesiimi 

4.5 

Sodiimi 

23.3 

Potassium 

7.1 

Combined  Carbonic 

Acid 

78.2 

Sulphuric  Acid 

55.8 

Chlorine 

15 

Silicates 

7.1 

Free  Carbonic  Acid 

54.2 

This  water  is  faintly  alkaline  to  test-paper  from  bi- 
carbonate of  lime.  Saline  made  with  this  water  I 
found  at  first  rounds  the  top  of  the  trace  of  each 
contraction  and  later  greatly  prolongs  diastolic  di- 
latation, and  that  these  effects  are  completely  obviat- 
ed by  about  1  cc  of  1%  soliuion  of  potassium  chlo- 
ride solution  to  the  100  cc  of  circulating  saline.  So 
that  with  this  addition  the  saline  thus  made  forms  an 
excellent  artificial  circulating  fluid  for  the  heart,  as 
in  some  experiments  I  found  the  ventricle  fed  by 
this  mixture  would  continue  beating  well  for  more 
than  four  hours,  indeed  at  the  end  of  that  time  the 
contractions  were  almost  as  good  as  at  the  com- 
mencement of  the  experiment,  when  the  ventricle 
was  fed  with  blood  mixture.  . . . 

The  heart's  contractility  cannot  be  sustained  by 
saline  solution  nor  by  saline  containing  potassiimi 
chloride,  nor  with  saline  solution  containing  bicar- 
bonate of  soda,  nor  by  saline  solution  containing  bi- 
carbonate of  soda  and  potassiimi  chloride;  but  after 
contractility  has  ceased,  the  addition  of  a  lime  salt 
will  restore  good  contractility.  The  addition  too  of  a 
calcium  salt  to  any  of  the  above  solutions  will  sustain 
contractility.  I  conclude  therefore  that  a  lime  salt  is 
necessary  for  the  maintenance  of  muscular  contrac- 
ulity.  . . . 

If  these  two  salts  are  not  present  in  the  correct 
proportions  then  the  trace  becomes  abnormal.  If 
too  little  pota.ssium  is  present,  the  contractions  be- 
come broader  etc.  and  there  results  fusion  of  the 
beats.  If  too  much  potassiimi  is  present,  or  too  little 
lime  salts,  then  the  contraction  of  the  ventricle  is  im- 
perfect, and  by  increasing  the  quantity  of  pota.ssium 
salt  the  beat  becomes  weaker  and  weaker  till  it  stops. 

Ringer's  account  gives  me  the  picture  of  a  iiiaii 
pu//lffl  by  the  results  of  his  earlier  experiments,  un- 
willing to  accept  them,  and  checking  every  po.ssible 
error  in  technic.  He  found  the  error  and  at  once 
identified  the  important  role  of  calciimi  ions  in  car- 
diac function.  A  conventional  paper  by  Ringer  would 
have  given  us  calcium  but  not  the  important  lesson  to 


all  future  scientists:  check  the  composition  and  pur- 
ity of  all  reagents. 

Prutamine-Heparin  Antagonism 

Chargaff  and  Olson  told  it  "like  it  was"  when  they 
discovered  a  new  action  of  protamine  in  1937:'' 

. . .  the  animal  organism  seems  able  to  dispose  of 
it  [heparin]  in  a  comparatively  short  time.  Whether 
this  is  brought  about  by  rapid  combination  of  the 
heparin  with  the  proteins  of  the  tissues  or  of  blood, 
by  its  excretion,  or  by  its  destruction,  it  is  not  yet  es- 
tablished. We  have  attempted  to  protract  the  short 
lived  acti\'ity  of  heparin  by  combination  with  a  pro- 
tamine, viz.  salmine.  This  was  done  in  view  of  the 
promising  results  obtained  with  the  combination  of 
insulin  and  protamine;  In  the  case  of  heparin  the  ef- 
fect was  unexpected;  the  anticoagulant  action  of 
heparin  in  vivo  was  entirely  stopped  by  protamine. 
The  significance  of  these  findings  and  some  possible 
practical  applications  will  be  discussed  later  in  this 
paper.  . . . 

Their  hypothesis,  although  quite  reasonable,  was 
wrong;  their  result,  although  totally  unexpected, 
turned  out  to  be  of  considerable  clinical  importance. 
Because  editors  forever  remind  us  that  paper,  print- 
ing, binding,  and  mailing  are  all  veiy  expensive,  it's 
important  to  note  that  Chargaff  and  Olson  took  only 
56  words — well  worth  it — to  tell  scientists  that  the 
Mwexpected  may  sometimes  be  worth  more  than  the 
expected  result. 

The  Discovery  of  Heparin 

A  lot  of  scientists  have  told  us,  several  decades 
later,  how  it  really  happened  at  the  time  of  their  ini- 
tial discovery. 

One  of  these  was  Jay  McLean,  who  discovered 
heparin  in  1916  but  didn't  "tell  it  like  it  was"  until 
1957.  Indeed,  in  1916  he  scarcely  told  anything  at  all; 
neither  the  title  of  his  article,  "The  Thromboplastic 
Action  of  Cephalin,"  nor  his  conclusions  mention 
his  discovery  of  heparin  or  of  a  new  anticoagulant.' 
Here  are  excerpts  from  his  initial  article.  All  of  its  8 
pages  deal  with  factors  that  hasten  blood  coagulation 
(thromboplastic  factors),  except  for  4  lines  on  p  256 
that  mention  a  new  anticoagulant! 

In  1912  Howell  reported  the  results  of  a  study  of 
the  Thromboplastic  action  of  the  tissues  in  which  he 
showed  that  the  active  substance  is  a  pho.spliatid  hav- 
ing the  general  properties  of  cephalin. ...  At  the  sug- 
gestion of  Dr  Howell  I  have  undertaken  a  re-exami- 
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nation  of  this  subject  to  determine  if  possible 
whether  the  thromboplastic  effect  may  be  attributed 
to  an  impurity,  or  is  a  property  of  the  cephahn  itself, 
and  also  to  determine  in  how  far  a  similar  property'  is 
exhibited  by  other  related  phosphatids.  The  phos- 
phatids  which  have  been  examined  in  regard  to 
their  thromboplastic  action  are  cephalin,  lecithin, 
sphingomyelin,  cuorin  and  heparphosphatid. 

[McLean  then  described  his  preparation  of  labo- 
ratorv  cephalin,  of  cephalin  prepared  by  the  method 
of  Renall  and  by  the  method  of  Levene  and  West, 
and  of  cephalin  and  cuorin  from  the  heart.  He  then 
described  the  preparation  of  cephalin  and  hepar- 
phosphatid from  the  liver.] 

Baskoff,  in  his  work  on  the  phosphatids  of  the 
liver,  imdertaken  primarily  for  the  study  of  the 
jecorin  described  by  Drechsel,  succeeded  in  isolat- 
ing a  phosphatid  which  resembles  cuorin,  except 
that  analysis  shows  a  N:P  ratio  of  1:1.5  instead  of  1:2. 
To  this  phosphatid  he  gave  the  name  of  heparphos- 
phatid. In  mv  experiments  the  liver  was  worked  up 
according  to  Baskoff  s  method  for  obtaining  hep- 
arphosphatid which  is  practically  the  same  treat- 
ment to  which  Erlandsen  subjects  the  heart  muscle 
in  order  to  secure  his  cuorin.  The  final  substance  in- 
soluble in  cold  alcohol  was  further  dixnded  into  a 
fraction  insoluble  in  alcohol  at  60°  which  resembles 
cuorin  and  constitiUes  BaskofTs  heparphosphatid, 
and  a  portion  soluble  in  alcohol  at  60°  which  is  ap- 
parently idendcal  with  cephalin.  WTien  the  latter  was 
recovered  from  the  alcoholic  solutions  as  in  the  case 
of  the  cephalin  of  the  heart,  it  had  all  of  the  general 
properties  of  cephalin  including  the  power  to  has- 
ten the  coagulation  of  blood  as  is  shown  in  this  ex- 
periment. 

Using — Plasma,  8  drops:  cephalin,  3  drops; 
serum,  3  drops. 

Control — Plasma,  8  drops;  water,  3  drops;  serum,  3 
drops. 

Liver  cephalin solid  clot  1  '/2  min. 

Laboratory' cephalin  ....  solid  clot  1 '/2  min. 
Control .  .  .  not  clotted  in  1  hour  and  45  min. 

The  heparphosphatid  on  the  other  hand  when  purified 
by  many  precipitations  in  alcohol  at  60°  has  no  thrombo- 
plastic action  and  iii  fact  shows  a  marked  power  to  inhibit 
the  coagulation.  The  anticoagidating  action  of  this  phos- 
phatid is  being  studied  and  will  be  reported  upon  lain: 
[Italics  added]  Cuorin  and  heparphosphatid  when 
dry  have  no  odor,  bin  when  moist  with  warm  alcohol 
have  a  characteristic  odor  common  to  both.  It  is  pos- 
sible that  on  further  purification  the  heparphos- 
phatid may  he  shown  to  be  identical  with  cuorin.  . . . 


CONCLUSIONS 

1.  Cephalin  when  prepared  as  pure  as  possible 
exhibits  marked  thromboplastic  activity,  as  indicated 
by  its  effect  in  increasing  the  thrombic  action  of 
fresh  serum. 

2.  Cephalin  exhibiting  this  reaction  has  been 
prepared  from  the  liver,  heart  and  brain. 

3.  The  other  phosphatids  that  have  been  de- 
scribed, lecithin,  cuorin,  heparphosphatid  and  sph- 
ingomyelin have  no  thromboplastic  action. 

4.  Evidence  is  presented  to  show  that  this  prop- 
erty of  cephalin  is  not  due  to  adherent  impurities, 
but  is  a  characteristic  property  of  the  cephalin  itself. 

In  1957,  shortly  before  his  death,  McLean  re- 
counted the  actual  story.**  McLean  was  a  University  of 
California  undergraduate  student  at  Berkeley,  with 
his  heart  set  on  going  to  Johns  Hopkins  Medical 
School.  He  worked  for  two  years,  saved  his  money, 
applied  for  admission  and  was  turned  down.  That 
didn't  stop  him  and  he  made  his  way  from  California 
to  Baltimore  and  to  the  Dean's  Office.  The  Dean 
told  him  he  could  accept  him  the  next  year,  so 
McLean  decided  to  spend  the  year  doing  research. 
Here  are  parts  of  his  story: 

I  promptly  paid  the  fees  for  a  year  as  a  medical 
student,  taking  no  medical  school  courses.  I  immedi- 
ately called  on  Dr  Howell  and  told  him  of  my  desire 
to  prepare  for  an  academic  career  in  surgery  and 
that  I  wished  to  devote  one  whole  year  to  physiologi- 
cal research  now.  I  felt  that  I  could  never  do  it  after 
graduation  for  that  would  interfere  with  the  house 
officer  progress  on  a  surgical  staff.  I  told  him  then 
that  I  wanted  a  problem  I  could  reasonably  hope  to 
finish  and  publish  in  one  academic  year  endrely  by 
myself.  I  wanted  to  determine  if  I  could  solve  a  prob- 
lem by  myself  I  told  him  my  savings  would  just  last 
one  year,  and  after  that  I  would  have  to  work  a  year 
before  returning  to  school. 

He  gave  me  the  problem  of  determining  the 
value  of  the  thromboplastic  substance  of  the  body. 
He  thought  this  to  be  kephalin  (cephalin),  obtained 
from  brain  but,  of  course,  knew  the  thromboplastic 
material  from  brain  to  be  a  mixture — a  crude  ex- 
tract, though  a  powerful  thromboplasdc  agent.  . . . 

My  problem  was  to  determine  what  pordon  of 
this  crude  extract  was  the  acUve  accelerator  of  the 
clotting  process  and  to  that  end,  to  prepare  cephalin 
as  pure  as  possible  and  determine  if  it  had  thrombo- 
plastic action.  I  was  afso  to  test  the  other  compo- 
nents of  the  crude  ether-alcohol  extract.  . . . 

It  was  this  determination  to  become  a  physiology- 
based  surgeon  rather  than  an  anatomy-based  sur- 
geon that  led  to  the  discoveiy  of  heparin.  ...  I  sug- 
gested to  Dr  Howell  that  it  might  be  profitable  to  ex- 
tract the  lipoids  (phosphatides)  from  many  different 
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organs.  ...  In  niv  reading  of  the  German  chemical 
Uteralure  on  pliosphatides,  I  found  articles  by 
Erlandsen  and  Baskoff  in  which  they  described  ex- 
tracts of  heart  and  liver  secured  by  a  process  similar 
to  that  for  obtaining  cephalin  from  brain.  There- 
fore, these  products  might  be  heart  and  liver  cepha- 
lin, but  were  named  cuorin  (from  the  heart)  and 
heparphosphatide  (from  the  liver);  hence  the  name 
heparin.  I  suggested  this  research  problem  as  a  logi- 
cal supplement  to  the  problem  Dr  Howell  had  given 
me.  He  had  not  known  about  cuorin  or  heparphos- 
phaude.  ...  I  had  saved  batches  of  cuorin  and  hep- 
arphosphatide and  from  time  to  time  tested  these  in 
serum  plasma  to  determine  whether  or  not  the 
cephalin  from  the  heart  and  liver  deteriorated  and 
lost  its  thromboplastic  power  as  did  that  from  the 
brain.  If  I  had  not  saved  them,  I  would  probablv  not 
have  foimd  heparin.  . . . 

The  various  batches  were  tested  down  to  the 
point  of  no  thromboplastic  activity,  but  two  of  those 
first  prepared  appeared  not  only  to  have  lost  their 
thromboplastic  action,  but  actually  to  retard  slightly 
the  coagulation  of  the  serum-plasma  mixture.  I  had 
in  mind,  of  course,  no  thought  of  an  anUcoagulant, 
but  the  experimental  fact  was  before  me;  and  I 
retested  again  and  again  until  I  was  satisfied  that  an 
extract  of  liver  (more  than  heart)  possessed  a  strong 
anticoagulant  action  after  its  contained  cephalin 
had  lost  its  thromboplastic  action. 

I  went  one  morning  to  the  door  of  Dr  Howell's 
office,  and  standing  there  (he  was  seated  at  his  desk) 
said,  "Dr  Howell,  1  have  discovered  antithrombin." 
He  smiled  and  said,  "Antithrombin  is  a  protein  and 
you  are  working  with  phosphatides.  Aie  you  sure 
that  salt  is  not  contaminating  your  substance?" 

I  told  him  I  was  not  sure  of  that,  but  it  was  a  pow- 
erful anticoagulant.  He  was  most  skeptical.  So  I  had 
the  Diener,  John  Schweinhant,  bleed  a  cat.  Into  a 
small  beaker  fidl  of  its  blood,  I  stirred  all  of  a  proven 
batch  of  heparphosphatides,  and  I  placed  this  on  Dr 
Howell's  laboratory  table  and  asked  him  to  tell  me 
when  it  clotted.  It  never  did  clot. 

He  still  did  not  believe  that  I  had  discovered  a 
natural  anticoagulant,  but  it  was  at  this  point  that  he 
became  associated  in  my  research  problem,  namely 
the  study  of  the  effects  of  my  anticoagulating  sub- 
stance (heparphosphatide),  which  gave  greater  yield 
and  higher  coagulating  potential  than  cuorin  in  vivo 
in  dogs.  When  I  demonstrated  new  batches  to  him  in 
vitro,  and  he  became  satisfied  that  it  did  actually  in- 
hibit the  coagulation  of  the  serum-plasma  test  mix- 
ture as  well  as  whole  blood  in  vitro,  we  planned  the 
first  in  7'nw  experiment  with  a  dog  and  administered 
the  heparin  intravenously. 

[This  was  as  far  as  Dr  McLean  progressed  in  his 
histoiT  of  the  discovery  of  heparin  before  he  de\el- 
opcd  his  fatal  illness  and  died  Novemljer  14,  19.57 — 
Ed.] 


One  learns  more  about  the  process  of  scientific 
discovei7  from  the  1957  account  than  from  the  1916 
article.  One  learns  how  important  it  was  for  science 
that  the  Professor  (Howell)  gave  an  inexperienced 
student  a  free  hand  to  make  mistakes  or  discoveries. 
One  learns  how  important  it  was  that  the  student  ex- 
plored his  unexpected  and  contradictory  observa- 
tions instead  of  ignoring  them.  And  how  important 
it  was  that  he  convinced  his  doubting  professor  that, 
with  heparin  added,  the  blood  "never  did  clot"! 

Citrate  as  an  Anticoagulant 

It's  pretty  hard,  in  1976,  to  realize  that  between 
1900  and  1915  the  accepted  method  for  giving  a 
blood  transfusion  was  to  anastomose,  by  a  long  and 
delicate  surgical  procedure,  the  artery  of  a  donor  to 
the  vein  of  the  patient.  There  were  no  indirect  trans- 
fusions because  there  was  no  way  to  keep  blood 
liquid  outside  of  the  body  except  by  defibrinating  it 
(by  whipping  it  with  broomstraws)  and  defibrinated 
blood  often  caused  serious  reactions.  In  1914,  a 
young  Belgian  physiciaii,  Dr  Hustin,  found  that 
when  sodium  citrate  was  added  to  blood,  blood 
stayed  liquid  long  enough  to  permit  indirect  transfu- 
sion. 

Why  did  Hustin  use  citrate?  Here  are  excerpts 
from  his  coinventional  1914  paper^  (my  translation 
from  his  French): 

Blood  transfusion,  the  introduction  of  blood 
from  one  individual  into  the  circulation  of  another, 
is  a  ver)'  old  therapeutic  technic  which  has  been  re- 
vived in  the  last  few  years  by  the  efforts  of  the 
American  surgeon,  Crile.  . . . 

For  two  centuries,  physicians  have  tried  to  join 
vessels  of  a  donor  directly  to  those  of  the  recipient. 
But  the  failures  of  this  method  were  numerous  be- 
cause the  tubes  used  to  join  the  vessel  provoked  clot- 
ting of  the  blood  and  obstruction  of  the  tube.  In  the 
past  several  years  experiments  with  suturing  vessels 
have  demonstrated  the  importance  of  the  endothe- 
lial lining  and  the  role  played  by  tissue  juices  in 
blood  coagulation.  . . .  New  technics  of  va.scular  su- 
ture give  good  results  but  they  present  numerous 
problems:  they  require  a  longer  and  very  delicate 
operation;  an  imperfection  in  one  step  may  often 
lead  to  total  failure  of  the  procedure;  there  is  no  cer- 
tain way  of  measuring  the  amoimt  of  blood  trans- 
fused at  any  given  time,  except  for  the  overall  condi- 
tion of  the  donor  and  recipient . . .  the  need  to  bring 
the  vessels  of  the  donor  and  recipient  into  direct 
contact  increases  the  donor's  chance  of  being  infect- 
ed by  the  recipient:  because  of  the  complexity  of  the 
technic,  one  must  obtain  from  one  donor  the  entire 
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quantity  of  blood  needed  and  transfuse  it  all  at 
once  ...  in  spite  of  precautions,  clots  can  form  at  the 
site  of  the  anastomosis  and  either  stop  blood  flow 
there  or  be  dislodged  into  the  circulation.  . . . 

[Hustin  then  discussed  two  ways  of  delaying  blood 
coagulation.  One  was  to  decrease  the  concentration 
of  electrolytes  in  blood  by  adding  isotonic  sodium 
chloride.  Ringer's,  or  glucose  solution;  possibly 
these  acted  to  dilute  the  calciimi  concentration  of 
the  blood.  The  other  was  to  add  "dispersing  sub- 
stances," particularly  sodium  citrate.  His  table  (see 
below)  showed  that  blood  plus  isotonic  glucose  phis 
citrate  kept  blood  from  clotting  for  as  long  as  45  to 
67  minutes  (line  8)  compared  with  dilution  only  with 
salt  solution  (line  7)  or  with  saline  plus  glucose  (line 
11).  He  then  proceeded  to  transfuse  citrated  blood 
from  dog  to  dog,  rabbit  to  rabbit,  man  to  dog,  and  fi- 
nally man  to  man.] 

The  technic  of  the  transfusion  that  I  have  de- 
scribed requires  two  steps.  One  allows  a  certain 
amount  of  venous  blood  to  flow  into  an  equal 
amount  of  isotonic  glucose-citrate  solution,  by 
means  of  one  or  several  venipunctures  (about  150 
mL  of  blood  with  each  puncture  from  an  average- 
sized  vein).  This  liquid  is  then  poured  into  ordinary 
serum  apparatus;  it  is  then  injected  into  a  vein  after 
transcutaneous  puncture.  ... 

IN  SUMMARY: 

1.  The  technic  of  transfusion  that  we  have  used 
requires  no  complicated  surgical  operation  but  only 
several  venipunctures. 

2.  It  permits  precise  measurement  of  the  quantity 
of  blood  transfused,  a  matter  of  great  importance  to 
the  safety  of  the  donor. 


3.  It  eliminates  transferring  an  infection  from  the 
patient  to  the  donor. 

4.  One  can  transfuse  as  often  as  necessary;  several 
donors  can  be  used  at  the  same  time. 

5.  Between  the  time  of  collection  and  infusion, 
one  can  submit  the  blood  to  certain  manipulations 
(removal  of  carbon  monoxide  and  replacement  with 
oxygen;  different  types  of  irradiation). 

6.  In  many  of  the  cases  in  which  transfusion  is 
indicated,  the  heart  of  the  patient  needs  to  be 
strengthened  and  glucose  is  known  to  be  a  niurient 
of  the  first  order  for  cardiac  muscle  fibers. 

7.  The  delay  in  blood  coagulation  is  long  enough 
to  permit  a  slow  Uansfusion  and  so  prevent  overbur- 
dening the  right  heart. 

In  1960,  Hustin  wrote  another  article  on  blood 
transfusion,'"  telling  what  had  motivated  his  1914 
work  and  why  he  was  successful.  Here  are  his  words 
(my  translation  from  the  French): 

Pekelharing  and  Sabattini's  physiological  studies 
in  1902  were,  for  a  long  time,  ignored  by  clinicians; 
at  least  not  a  single  clinician  had  thought  of  using 
the  anticoagulant  properties  of  sodium  citrate  for 
blood  transfusion.  I  was  not  even  aware  of  its  antico- 
agulant properties  when,  in  1913,  I  undertook  my 
first  attempts  of  blood  transfusion  in  the  Laboratory 
of  Physiology'  at  the  Universit)'  of  Brussels.  At  that 
time,  I  knew  only  of  Gengou's  work — that  sodium 
citrate  had  dispersing  properties  and  rendered  sta- 
ble a  suspension  of  mastic. 

It  was  not  by  looking  for  a  new  method  of  transfu- 
sion that  I  conceived  of  the  technique  of  transfusing 
citrated  blood.  If  this  had  been  my  intention,  it  is 
probable  that  I  would  have  followed  the  usual  tracks 
and  that  I  would  have  succeeded,  at  best,  in  improv- 
ing on  some  procedure  or  some  apparatus  already 
known.  My  goal  was  quite  different,  as  you  will  see. 


Composition  of  the  Mixture 


Coagulation  Time 


Beginning 

End 

(minutes) 

(minutes) 

L 

Blood 

+  saline  solution  +  50 

centigr.  % 

citrate 

12 

15 

2. 

+               "         +  40 

5 

13 

3. 

" 

+               "          +30 

5 

15 

4. 

" 

+               "          +20 

5 

15 

5. 

" 

+               "          +10 

" 

4 

22 

6. 

" 

+               "          +    5 

" 

- 

9 

7. 

" 

+  saline  solution 

4 

8 

8. 

Blood 

+  glucose  solution  + 

50  centigr. 

% 

citrate 

45 

67 

9. 

" 

+               "              + 

30 

' 

25 

32 

10. 

" 

+               "              + 

10 

9 

15 

1L 

" 

+  glucose  solution — 

- 

12 
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It  happciuri  that  one  day,  al  the  hospital,  I  found 
myself  standing  bv  a  man  d\ing  from  inhalation  of  il- 
luminating gas.  I  told  myself  that  one  could  save  his 
life  if  only  one  could  withdraw  part  of  his  blood,  re- 
move the  carbon  monoxide  blocking  its  hemoglo- 
bin, and  then  reinject  the  withdrawn  blood  once  it 
had  been  purified  and  properly  oxygenated.  But  to 
achieve  this  plan  of  Ueatment,  first  it  was  necessary, 
after  withdrawing  blood  from  the  patient,  to  main- 
tain the  blood  in  a  fluid  state  during  the  time  re- 
quired to  extract  the  toxic  gas.  It  was  at  this  moment 
that  I  realized  the  possibility  of  stabilizing  the  blood 
by  means  of  sodium  citrate,  since  this  salt  had 
demonstrated  its  property  of  maintaining  mastic  in 
suspension. 

I  then  undertook  "in  vitro"  attempts;  first  I  had  to 
make  sure  that  sodium  citrate  acted  on  blood  as  it 
did  on  mastic;  ie,  that  sodiiun  citrate  prevented  it 
from  becoming  a  gel;  then  I  had  to  determine  the 
amount  of  citrate  needed  for  delaying  blood  coagu- 
lation for  at  least  half  an  hour.  . . .  For  reasons  that 
would  be  too  long  to  report  here,  I  also  added  glu- 
cose so  I  came  to  use  a  glucose-citrate  mixture  as  my 
anticoagulant  solution. 

If,  at  that  time,  I  had  pinsued  my  initial  goal — 
that  of  .saving  patients  intoxicated  by  carbon  monox- 
ide— I  would  have  looked  for  some  means  of  extract- 
ing the  carbon  monoxide  contained  in  the  blood. 
But  I  did  not  because  I  realized  that  my  researches 
had  led  me,  unintentionally,  to  an  entirely  new 
method  of  transfusion:  the  glucose-citrated  transfu- 
sion. In  order  to  reach  this  new  objective,  I  had  only 
to  demonstrate  that  reinjection  of  blood,  made  im- 
coagulable  by  sodium  citrate,  could  be  performed 
without  danger  for  the  patient. 

I  then  injected  a  dog  with  some  citrated  blood 
that  had  been  withdrawn  from  another  dog:  there- 
after I  injected  a  dog  with  blood  sampled  from  a 
human  being;  finally,  on  March  27,  I9I4,  I  per- 
formed at  St  John  Hospital  in  Brussels,  the  first 
transfusion  of  glucose-citiated  blood,  from  one  man 
to  another  man. 

One  might  wonder  why  transfusion  with  citrated 
blood  was  not  discovered  shortly  after  the  discovery 
of  anticoagulant  properties  of  sodium  citrate  in 
1896.  One  might  further  wonder  since,  at  the  begin- 
ning of  the  ccntiuy,  the  dangers  of  transfusion  had 
been  overcome  and  the  interest  of  the  medical 
world  in  transfusion  had  been  revived  by  the  tech- 
niques that  imaginative  surgeons  had  devi.sed  to 
anastomose  blood  vessels.  .  . .  Without  any  doubt, 
particular  circumstances  in  certain  men's  life  have 
often  played  a  role  in  their  inventions  or  discoveries. 
The  first  circumstance  was  that,  while  acting  as  a  sur- 
geon at  the  hospital  in  I'JIO,  1  had  underlaken  ex- 
perimental work  on  animals  in  the  Physiological 
Laboratory  of  the  University  of  Brus.sels.  As  part  of 
this,  I  often  had  to  withdraw  from  dogs  a  certain 


amouiu  of  blood  which  1  had  maintained  in  a  fluid 
state  by  shaking  it  with  glass  beads,  so  that  I  could 
then  perfuse  it  through  the  vessels  of  isolated  or- 
gans. The  concept  of  making  blood  incoagulable 
was  then  familiar  to  me.  To  treat  carbon  monoxide 
poisoning,  I  had  to  change  only  one  thing:  to  re- 
place the  mechanical  action  of  the  glass  beads  by  the 
chemical  action  of  sodium  citrate.  The  second  cir- 
cumstance was  that  my  hospital  activities  had  initiat- 
ed me  to  the  current  problems  associated  with  blood 
transfusion.  So  I  was  led  to  leave  a  problem  of  limit- 
ed interest— the  treatment  of  carbon  monoxide  in- 
toxication— for  a  problem  of  much  wider  interest, 
that  of  blood  transfusion. 

The  idea  of  citrated  transfusion  was  then  born 
quite  naturally  from  a  mind  formed  by  two  different 
disciplines,  a  physiological  and  a  clinical  one,  the 
hospital  environment  raising  the  question  to  solve, 
the  laboratoiy  providing  the  elements  for  the  an- 
swer. 

Microvascular  Surgery 

One  of  the  great  cardioyascular  advances  was  mi- 
crovascular surgery,  introduced  by  Jacobson  and 
Suarez  in  a  modest,  conventional  2-page  paper  in 
I960."  Here  are  some  excerpts  from  it: 

Results  of  arterial  surgeiT  have  been  uniformly 
poor  in  vessels  below  4  mm  in  diameter.  The  reason, 
it  seems  to  us,  is  purely  technical.  A  I  mm  erior  in 
suture  placement  results  in  thrombosis  in  a  2  nun 
anastomosis  but  has  little  significance  when  one 
works  on  large  vessels. 

Techniques  have  been  developed  for  perfor- 
mance of  vascular  anastomosis  under  the  dissecting 
microscope.  Far  greater  accuracy  in  suture  place- 
ment is  obtained.  . . .  Bits  of  adventitia  not  visible  to 
the  naked  eye  can  be  removed.  The  surgeon  can  tie 
knots  so  that  intimal  edges  almost  exactly  coapt. 

One  hundred  per  cent  patency  rates  have  been 
found  in  the  carotid  arleiies  of  20  dogs  and  6  rabbits 
ob.seiTed  up  to  4  months.  The  vessels  averaged  3.2 
and  1.4  mm  respecti\el\.  .  .  . 

It  is  oiu'  belief  that  llu-  leihni(|ues  presented  will 
extend  vasculai  siugeiA  lo  m.iin  picxioush  in.uiessi- 
ble  areas. 

Clear  and  (ontise,  but  it  doesn't  li-ll  ich\.  ;iflei 
otologists  had  been  operating  with  the  aid  of  magni- 
fying lenses  and  micro.scopes  for  almost  40  years,  no 
vascular  surgeon  picked  up  the  ball  until  19(i().  I 
wrote  to  Jacobson  in  1972  and  he  told  me  how  it  re- 
ally happened  ()a( obson,  |1 1:  Personal  (oinmunica- 
tion.  Aug7,  1972): 


662 


RESPIRATORY  CARE  •  JUNE  '94  Vol  .^9  No  6 


CLASSIC  REPRINTS 


In  1959  I  completed  a  seven-year  residency  at 
New  York's  Presbyterian  Hospital  and  stayed  on 
there  for  a  short  while  as  an  attending  surgeon.  In 
1960  I  was  appointed  the  Director  of  Surgical  Re- 
search at  the  University  of  Vermont  and  was  able  to 
transfer  a  sizable  USPHS  grant  entitled  "Factors  in 
the  Development  of  Collateral  Circulation."  It  was 
this  money  that  allowed  us  to  do  the  initial  work  in 
microsingeiy. 

Just  before  lea\'ing  Presbyterian  Hospital,  I  wan- 
dered into  one  of  the  Ear,  No.se,  and  Throat  operat- 
ing rooms  and  was  allowed  to  look  through  the  Zeiss 
microscope  they  were  using.  I'm  sorry  to  say  that 
there  was  no  sudden  recognition  of  its  potential 
value  in  vascular  surgery. 

Some  months  later,  on  my  arrival  in  Vermont, 
one  of  the  pharmacologists  asked  for  help  in  com- 
pletely denenating  the  canine  carotid  artery.  The 
only  way  to  really  accomplish  this  with  certainty  was 
to  divide  a  segment  of  the  vessel  and  re-anastomose 
the  divided  ends.  In  attempting  to  do  this,  it  was  im- 
mediately evadent  that  the  problem  was  not  in  the 
ability  of  the  hand  to  do  but  rather  the  eye  to  see. 
Early  experimentation  was  carried  out  using  ocular 
loupes  and  large  magnifying  glasses  placed  over  the 
operative  field.  These  proved  unsatisfactory  for  one 
reason  or  another  and  finally  I  remembered  looking 
through  the  ENT  microscope. 

A  Zeiss  microscope  was  borrowed  from  the  oper- 
ating room  and  used  in  the  performance  of  a  small 
vessel  anastomosis.  The  experience  was  very  much 
like  looking  at  the  moon  for  the  first  time  through  a 
powerful  telescope;  a  wealth  of  previously  unappre- 
ciated detail  was  seen  for  the  first  time  and  minor 
surgical  errors  became  glaringly  apparent.  I  should 
add  at  this  point  that  before  going  to  medical  school 
I  had  worked  in  the  area  of  cell  physiology  under  Dr 
LV  Heilbriuin,  and  had  also  spent  several  summers 
at  Woods  Hole.  I  interject  this  because,  in  thinking 
back,  it  becomes  obvious  to  me  that  I  probably 
would  not  have  attempted  to  interpose  a  microscope 
between  my  eyes  and  the  surgical  field  had  the  use 
of  dissecting  microscopes  not  been  second  nature  to 
me  by  that  time. 

One  final  question:  Why  did  the  Vermont  phar- 
macologists want  to  study  a  denervated  carotid 
artery?  Here  are  a  few  lines  from  their  1962  paper:''' 

Oiu"  present  experiments  . . .  were  designed  to  de- 
termine whether  the  altered  sensitivity  of  the  reser- 
pine-treated  and  denervated  tissues  to  nor-adrena- 
line,  tyramine  and  nicotine  was  correlated  with 
changes  in  the  noradrenaline  content  of  the 
artery.  . . .  Denervation  of  the  artery  was  performed 
by  two  different  methods:  first,  by  arterial  stripping; 
secondly,  by  removal  and  reversal  of  an  arterial  seg- 


ment  with   subsequent  anastomosis   using  the 
method  described  byjacobson  and  Suarez  (1960). 

Now  we  know  why  microvascular  surgery  began  in 
1960.  A  surgeon,  fascinated  by  research  because  of 
stimulating  experiences  at  Woods  Hole  Biological 
Laboratories  and  with  an  inspiring  general  physiolo- 
gist, Lewis  Heilbrunn,  was  asked  by  two  pharmacolo- 
gists to  lend  his  technical  skill  to  help  solve  a  basic 
problem  on  the  sensitivity  of  denervated  arteries. 
Conventional  surgical  technics  then  available  to  him 
were  obviously  inadequate  but  instead  of  his  saying, 
"Sorry,  it's  impossible,"  he  came  tip  with  microvascu- 
lar surgeiy,  which  in  turn  led  to  many  other  new  sur- 
gical methods  for  opening  closed  ducts  or  tubes,  in- 
cluding re-opening  a  ligated  vas  deferens.  We  still 
don't  know  why  a  Jacobson  didn't  come  along  in 
1930,  1940,  or  1950.  Maybe  there  wasn't  anyone  with 
the  same  combination  of  surgical  research  training, 
inquisitiveness,  patience,  and  willingness  to  help  a 
couple  of  basic  scientists  working  on  an  esoteric  pro- 
blem. 

Penicillin 

In  1940,  Chain  and  associates'''  published  their 
first  report  on  the  chemotherapeutic  action  of  peni- 
cillin in  experimentally  infected  mice.  The  report  es- 
sentially said  that  it  was  about  time  to  study  naturally 
occurring  chemotherapeutic  substances  and  the 
group  started  with  a  study  of  penicillin.  Here  are  ex- 
cerpts from  this  historic  article,  which  was  written  in 
a  fairly  conventional  format: 

In  recent  years  interest  in  chemotherapeiuic  ef- 
fects has  been  almost  exclusively  focused  on  the  sul- 
phonamides  and  their  derivatives.  There  are,  howev- 
er, other  possibilities,  notably  those  connected  with 
naturally  occurring  substances.  It  has  been  known 
for  a  long  time  that  a  number  of  bacteria  and 
moulds  inhibit  the  growth  of  pathogenic  micro-or- 
ganisms. Little,  however,  has  been  done  to  purify  or 
to  determine  the  properties  of  any  of  these  sub- 
stances. The  antibacterial  substances  produced  by 
Pseudomonas  pyocyanea  have  been  investigated  in 
some  detail,  but  withoiu  the  isolation  of  any  purified 
product  of  therapeuUc  value. 

Recently,  Dubos  and  collaborators  (1939,  1940) 
have  published  interesting  studies  on  the  acquired 
bacterial  antagonism  of  a  soil  bacterium  which  have 
led  to  the  isolation  from  its  culture  mediimi  of  bac- 
tericidal substances  active  against  a  number  of  gram 
positive  micro-organisms.  Pneumococcal  infections 
in  mice  were  successfully  treated  with  one  of  these 
substances,  which,  however,  proved  to  be  highly 
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toxic  lo  mice  (Hotchkiss  and  Dubos  1940)  and  dogs 
(McLeodetai  1940). 

Following  the  work  on  lysozyme  in  this  laboratory 
it  occurred  to  two  of  us  (EC  and  HWF)  that  it  would 
be  profitable  to  conduct  a  systematic  investigation  of 
the  chemical  and  biological  properties  of  the  anti- 
bacterial substances  produced  by  bacteria  and 
moulds.  This  investigation  was  begiui  with  a  study  of 
a  substance  with  promising  antibacterial  properties, 
produced  by  a  mould  and  described  by  Fleming 
(1929).  The  present  preliminary  report  is  the  result 
of  a  cooperative  investigation  on  the  chemical,  phar- 
macological and  chemotherapeiuic  properties  of 
this  substance. 

Fleming  noted  that  a  mould  produced  a  sub- 
stance which  inhibited  the  growth,  in  particular,  of 
staphylococci,  streptococci,  gonococci,  meningococ- 
ci and  Corynebacterium  diphtheriae,  but  not  of  Barillus 
coli,  Haemophilus  influenzae.  Salmonella  typhi,  P  pyocy- 
anea,  Bacillus  proteus  or  Vibrio  cholerae.  He  suggested 
its  use  as  an  inhibitor  in  the  isolation  of  certain  types 
of  bacteria,  especially  H  influenzae.  He  also  noted 
that  the  injection  into  animals  of  broth  containing 
the  substance,  which  he  called  "penicillin,"  was  no 
more  toxic  than  plain  broth,  and  he  suggested  that 
the  substance  might  be  a  useful  antiseptic  for  appli- 
cation to  infected  woimds.  The  mould  is  believed  to 
be  closely  related  to  Penicillium  notatum.  Clutter- 
buck,  Lovell,  and  Raistrick  (1932)  grew  the  mould  in 
a  mediimi  containing  inorganic  salts  only  and  isolat- 
ed a  pigment — chrysogenin — -which  had  no  antibac- 
terial action.  Their  cultine  media  contained  peni- 
cillin biu  this  was  not  isolated.  Reid  (1935)  reported 
work  on  the  inhibitoi^  substance  produced  by  Flem- 
ing's mould.  He  did  not  isolate  it  but  noted  some  of 
its  properties. 

During  the  last  year  methods  have  been  devised 
here  for  obtaining  a  considerable  yield  of  penicillin, 
and  for  rapid  assay  of  its  inhibitory  power.  From  the 
culture  medium  a  brown  powder  has  been  obtained 
which  is  freely  .soluble  in  water.  It  and  its  solution  are 
stable  for  a  considerable  time  and  though  it  is  not  a 
pure  substance,  its  anti-bacterial  activity  is  very  great. 
Full  details  will,  it  is  hoped,  be  published  later. 

[The  authors  tiien  presented  their  work  on  the 
pharmacology  and  toxicity  of  penicillin  in  normal 
animals,  the  effects  on  bacteria  in  vilround  the  thera- 
peutic affect  of  penicillin  in  mice  experimentally  in- 
fected with  streptococci,  .staphylococci,  and  Clostri- 
dium septitjue.] 

.Sununarising  the  data  given  in  the  table  we  see 
that  in  the  final  slreplococcus  experiment  (no.  2) 
whereas  2.5/2.5  controls  died,  24/25  treated  animals 
survived.  Willi  Slaphylocorrus  aureus  the  final  experi- 
ment (no.  2)  shows  24/24  deaths  of  the  controls  and 


21/24  survivals  among  the  treated.  Lastly,  with  Clsep- 
tique  when  the  larger  doses  of  penicillin  were  given 
(bottom  line)  the  figures  are  25/25  control  deaths 
and  24/25  treatment  survivals. 

[The  investigators  then  presented  their  conclu- 
sions.] 

The  results  are  clear  cut,  and  show  that  penicillin 
is  active  in  vivo  against  at  least  three  of  the  organisms 
inhibited  in  vitro.  It  would  seem  a  reasonable  hope 
that  all  organisms  inhibited  in  high  dilution  in  vitro 
will  be  found  to  be  dealt  with  in  vivo.  Penicillin  does 
not  appear  to  be  related  to  any  chemotherapeutic 
substance  at  present  in^  use  and  is  particularly  re- 
markable for  its  activity  against  the  anaerobic  organ- 
isms associated  with  gas  gangrene. 

In  1971,  Chain  (who  had  become  a  Nobel  Laure- 
ate in  1945)  wrote  an  article  entitled  "Thirt)'  Years  of 
Penicillin  Therapy,"'"*  in  which  he  "told  it  like  it  was": 

In  1935,  a  few  months  after  his  appointment  to 
the  Chair  of  Pathology  at  Oxford,  I  was  invited  by 
Professor  HW  Florey,  as  he  then  was,  to  join  his  staff 
at  the  Sir  William  Dunn  School  of  Pathology.  . . . 

When  Florey  and  I  in  our  first  meetings  discussed 
the  future  possible  research  programme  of  the  bio- 
chemical section  in  his  Department  which  1  was  to 
organize,  Florey  drew  my  attention  to  a  very  striking 
lytic  phenomenon  in  which  he,  himself,  had  been 
interested  for  some  years  (Goldsworthy  &  Florey 
1930).  In  1924,  Alexander  Fleming  (Fleming  1924), 
a  bacteriologist  working  at  St  Mary's  Hospital,  Lon- 
don had  made  the  observation  that  tears,  nasal  se- 
cretion and  egg-white  contained  a  substance  which 
was  capable  of  dissolving  thick  suspensions  of  a 
saprophytic  bacterium  which  Fleming  had  isolated 
from  the  air.  The  bacterium  was  termed  by  Fleming 
Micrococcus  lysodeicticus.  The  active  lytic  substance 
had  obvious  enzymic  properties,  but  the  substrate 
on  which  it  acted  in  the  bacterial  cell  was  not  known, 
and  Florey  suggested  to  me  that  it  would  be  interest- 
ing to  attempt  to  isolate  and  characterize  this  sub- 
strate, if  indeed  lysozyme  was  an  enzyme.  The  reason 
why  Florey  was  interested  in  lysozyme  was  not  so 
much  its  antibacterial  power  which  was  of  a  very  lim- 
ited range,  but  the  fact  that,  in  addition  to  the 
sources  I  have  just  mentioned,  it  also  occurred  in 
duodenal  secretions,  and  Florey  thought  at  that  time 
thai  it  might  play  a  role  in  the  mechanisms  of  natu- 
ral immunily  and,  in  particular,  could  be  involved  in 
the  |)atliogcnesis  of  duodenal  ulcers. 

Ihe  study  of  the  biochemical  mode  of  action  of  a 
powerful  bacteriolytic  agent,  as  lysozyme  obviously 
was,  was  a  problem  exactly  representative  of  the  kind 
which  has  always  attracted  my  particular  interest.  I 
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therefore  took  up  Florey's  suggestion  with  enthusi- 
asm and  started  the  work  in  1936  with  a  PhD  stu- 
dent, LA  Epstein,  an  American  Rhodes  scholar.  We 
were  able  to  show  that  lysozyme  was  an  enzyme  of 
polysaccharidase  natiue  acting  on  a  polysaccharide 
which  we  could  isolate  from  dried  bacterial  cells  of 
M  lysodeicticus. 

[Chain  then  recounts  his  literature  survey  of  bac- 
teriolytic agents  which  led  him  to  observations  on  in- 
hibition of  growth  of  one  bacterial  species  by  anoth- 
er (without  actual  lysis),  to  the  phenomenon  of  mi- 
crobial antagonism,  and  to  Fleming's  work  on 
Penicillium  notatum.] 

I  should  like  to  point  out  that  the  possibility  that 
penicillin  could  have  practical  use  in  clinical  medi- 
cine did  not  enter  our  minds  when  we  started  our 
work  on  penicillin.  A  substance  of  the  degree  of  in- 
stability which  penicillin  seemed  to  possess  accord- 
ing to  the  published  facts  does  not  hold  out  much 
promise  for  practical  application.  If  my  working  hy- 
pothesis had  been  correct  and  penicillin  had  been  a 
protein,  its  practical  use  as  a  chemotherapeutic 
agent  would  have  been  out  of  the  question  because 
of  anaphylactic  phenomena  which  inevitably  would 
have  followed  its  repeated  use.  From  the  scientific 
point  of  view,  however,  the  problem  of  pinifving 
penicillin  and  isolating  the  substrate  on  which  I 
thought  it  acted  was  of  interest  and  hence  well  worth 
pursuing. 

1  started  to  work  on  penicillin  in  1938,  long  be- 
fore the  outbreak  of  the  war.  The  frequently  repeat- 
ed statement  that  the  work  was  started  as  a  contribu- 
tion to  the  war  effort,  to  find  a  chemotherapeutic 
agent  suitable  for  the  treatment  of  infected  war 
wounds,  has  no  basis.  The  only  reason  which  moti- 
vated me  to  start  the  work  on  penicillin  was  scientific 
interest.  I  veiy  much  doubt,  in  fact,  whether  1  would 
have  been  allowed  to  study  this  problem  at  that  time 
in  one  of  the  so-called  "mission  oriented"  practically 
minded  industrial  laboratories.  The  research  on 
penicillin,  which  was  started  as  a  problem  of  purely 
scientific  interest  but  had  consequences  of  very 
great  practical  importance,  is  a  good  example  of 
how  difficult  it  is  to  demarcate  sharp  limits  between 
pure  and  applied  research. 

One  wonders  why  some  of  the  substance  of  these 
last  two  paragraphs  was  not  included  in  the  1940  re- 
port instead  of  the  less  informative  "following  the 
work  on  lysozyme  in  this  laboratory  it  occurred  to 
two  of  us  that  it  would  be  profitable  to  conduct  a  sys- 
tematic investigation  of  the  chemical  and  biological 
properties  of  the  antibacterial  substances  produced 
by  bacteria  and  moulds."  Perhaps  the  original  manu- 


script "told  it  like  it  was"  and  the  editor  of  the  jour- 
nal cut  it  out. 

Conclusions 

We  all  are  "frauds"  at  one  time  or  another.  In 
1945,  Robert  Dripps  and  I  tried  whenever  possible  in 
our  laboratory  cotirse  in  pharmacology  to  demon- 
strate the  action  of  drugs  in  imanesthetized  man  in- 
stead of  in  anesthetized  cats  or  dogs  or  pithed  frogs. 
That  year,  we  decided  to  demonstrate  on  man  the 
highly  specific  neuromuscular  block  produced  by 
tubocurarine.  We  realized  that  the  safest  way  was  to 
produce  a  local  block,  ie,  to  give  tubocurarine  intra- 
arterially,  preferably  into  the  brachial  artery,  while 
the  corresponding  arm  veins  were  occluded.  We 
asked  for  a  volunteer  and  gave  him  a  very  small  dose 
of  d-tubocurarine  intra-arterially.  To  our  astonish- 
ment, huge  wheals  and  flares  soon  covered  much  of 
his  forearm.  We  immediately  thought  that  our  sub- 
ject was  sensitive  to  curare  preparations.  Another 
student  volunteered  and  we  repeated  the  experi- 
ment and  got  the  same  result.  Now  we  decided  to 
skin  test  the  third  volunteer;  intracutaneous  injec- 
tion produced  a  wheal  and  flare  similar  to  that  fol- 
lowing histamine.  At  this  point,  a  student  said,  "How 
about  skin-testing  all  of  us?"  We  did — and  all  13  soon 
had  characteristic  histamine-like  wheals.  That's  how 
we  discovered  that  tubocurarine  liberated  histamine 
from  the  skin  of  man. 

But  that's  not  how  we  wrote  otir  report! '"'  We 
wrote  a  typical  IMRAD  article  that  gave  no  indication 
of  why  or  how  we  did  the  study.  I'm  sure  we  never 
considered  any  other  format  in  1945;  we  simply  con- 
formed to  the  pattern. 

There's  little  doubt  that  most  scientists  advocate 
impersonal,  cold,  unrevealing  scientific  writing,  de- 
void of  human  interest  or  even  of  speculation.  Lord 
Brain,  in  a  reply  to  Medawar's  use  of  the  word 
"fraud,"''  said,  ". . .  it  does  not  seem  to  me  to  follow 
that  the  structure  of  the  scientific  paper,  the  object 
of  which  is  to  communicate  something  to  the  reader, 
should  necessarily  correspond  to  the  logical  process 
by  which  the  discovery  was  made.""'  Lord  Brain  is 
correct  if  all  that  scientists  want  to  know  are  the 
methods,  data,  and  conclusions.  Medawar  is  correct 
if  it's  important  to  science  to  learn  how  discoveries 
have  come  about.  Maybe  we  can  have  both.  Let  sci- 
entists use  their  IMRAD  manuscripts  to  tell  how  they 
would  have  done  their  experiments  if  they  had  pro- 
ceeded with  impeccable  logic  from  the  first  experi- 
ment to  the  last;  this  will  be  comforting  to  their  ego. 
But  let  them  send  with  the  manuscript  a  sealed  enve- 
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lope  that  contains  an  account  that  "tells  it  like  it 
was" —  the  envelope  to  be  opened  upon  the  author's 
death  or  award  of  the  Nobel  prize,  when  the  ego  no 
longer  needs  comforting. 

Julius  H.  Comroe,  Jr. 
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Nocturnal  Asthma  Mechanisms 
and  Treatment,  edited  by  Richard  J 
Martin  MD.  Hardcover,  394  pages, 
illustrated.  Mount  Kisco  NY:  Futura 
Publishing  Co.  1993.  $72.00. 

Asthma  is  an  important  clinical 
problem  that  has  been  documented  to 
be  increasing  in  prevalence  and 
severity  in  the  United  States,  with  a 
29%  increase  in  prevalence  between 
1980  and  1987,  a  threefold  increase  in 
hospitalizations  between  1970  and 
1987,  and  a  31%  increase  in  mortality 
from  1980  to  1987.'  These  increases 
prompted  the  National  Heart,  Lung  & 
Blood  Institute  (NHLBI)  to  constitute 
an  expert  panel  to  study  the  problem 
and  issue  a  consensus  recommenda- 
tion on  the  diagnosis  and  manage- 
ment of  asthma,  in  1 99 1 . ' 

Nocturnal  asthma,  the  exacerba- 
tion of  asthma  or  worsening  of  asth- 
matic symptoms  in  the  early  morning 
hours,  has  long  been  recognized  as  a 
problem  affecting  a  large  percentage 
of  asthmatic  patients.  The  purpose  of 
this  book  is  to  provide  an  in-depth 
view  of  this  specific  aspect  of  the 
physiology  and  treatment  of  bron- 
chial asthma.  It  is  of  interest  that  the 
1991  monograph  on  asthma,'  which 
does  include  many  special  problems 
and  situations  (such  as  occupational 
asthma,  treatment  of  asthma  during 
pregnancy,  and  the  asthmatic  patient 
undergoing  surgery),  does  not  have  a 
section  on  nocturnal  asthma. 

In  this  volume,  1 1  contributors 
have  joined  to  write  10  chapters  cov- 
ering this  topic.  The  first  two  chap- 
ters deal  with  chronobiology.  They 
describe  how  natural  biologic 
rhythms  play  a  role  in  many  disease 
states,  including  asthma.  For  in- 
stance, surgical  death  rates  peak  at 
1:00  AM.  Live  spontaneous  births  and 
asthma  crises  peak  at  4  AM.  An  un- 
derstanding of  these  rhythms  may 


provide  important  information  for 
treatment.  A  single  chapter  gives  an 
overview  of  nocturnal  asthma  as  a 
problem.  Another  chapter  deals 
specifically  with  the  interaction  of 
sleep  and  asthma.  Two  chapters  dis- 
cuss the  effect  of  cell-mediated  im- 
mune factors  on  nocturnal  asthma, 
and  the  last  four  chapters  cover  the 
treatment  of  nocturnal  asthma. 

Overall,  the  book  is  well  written, 
and  the  topic  is  well  covered.  Figures 
are  large,  to  the  point,  and  easy  to  in- 
terpret, although  mostly  obtained 
from  other  previously  published 
sources. 

In  many  ways,  understanding  the 
physiology  and  treatment  of  noctur- 
nal asthma  will  help  the  practitioner 
understand  the  pathophysiology  of 
asthma  in  total.  Nevertheless,  the  nar- 
row scope  of  this  book  will  attract 
only  a  limited  audience.  It  should  cer- 
tainly not  be  the  lone  reference  on 
asthma  in  any  practitioner's  library. 
With  the  availability  of  other,  more 
comprehensive  books  on  asthma, 
most  practitioners  will  not  feel  the 
need  to  include  this  book  in  their  li- 
braries. It  is  more  likely  to  be  pur- 
chased by  libraries  and  those  individ- 
uals with  either  special  interest  in 
asthma  (or  specifically  nocturnal 
asthma)  or  by  those  desiring  rather 
extensive  book  collections. 

Philip  Schiffman  MD 
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Drugs  and  the  Lung,  edited  by  Clive 
P  Page  PhD  and  W  James  Metzger 
MD,  with  33  contributors.  Hard- 
cover, 607  pages,  illustrated.  New 
York:  Raven  Press,  1994.  $126.00. 

This  is  the  first  of  a  proposed  series 
of  monographs  entitled  Advances  in 
Clinical  Pharmacology,  edited  by 
Nobel  Laureate  Sir  John  Vane.  Of  the 
33  contributing  authors,  15  are  from  the 
United  States,  13  from  the  United 
Kingdom,  2  from  Italy,  and  1  each  from 
Sweden,  Finland,  and  Australia.  The 
book  is  divided  into  two  sections,  the 
first  dealing  with  drugs  in  current  clini- 
cal use  and  the  second  with  drugs  and 
therapeutic  approaches  that  are  novel  or 
experimental. 

The  first  section  contains  9  chap- 
ters; the  first  7  are  devoted  to  drugs 
used  in  the  treatment  of  asthma.  All  7 
of  these  reviews  are  comprehensive 
and  well  documented.  The  chapter  on 
glucocorticosteroids  is  especially 
noteworthy,  detailing  the  uses  of 
steroids  not  only  in  asthma  but  also  in 
chronic  obstructive  and  interstitial 
lung  diseases,  pulmonary  vasculitis, 
adult  respiratory  distress  syndrome 
(ARDS),  and  other  conditions.  There 
are  657  references  cited.  Chapter  8, 
by  two  British  authors,  is  devoted  to 
chemotherapeutic  agents  for  lung  can- 
cer. Chapter  9,  entitled  Antibiotics  and 
the  Lung,  contains  only  reviews  of  an- 
tibacterial drugs. 

The  second  section  is  authored 
mainly  by  researchers  reporting  on 
new  drugs.  The  principal  emphasis  is 
on  asthma,  with  articles  on  potassi- 
um-channel openers,  phosphodi- 
esterase inhibitors,  bradykinin,  and 
antagonists  to  platelet  activating  fac- 
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tor  and  selected  tachykinins.  Leu- 
kotrienes  are  discussed  in  the  final 
chapter  on  mechanisms  of  airway  in- 
flammation. A  single  chapter  address- 
es the  present  status  of  drug  therapy  for 
ARDS.  reviewing  a  broad  spectrum  of 
topics  from  anti-endotoxin  immuno- 
therapy to  surfactant  replacement:  280 
references  are  cited. 

The  book  is  essentially  a  series  of 
complete  reviews  of  selected  aspects 
of  bronchopulmonary  therapeutics. 
There  are  no  discussions  of  mucolyt- 
ic or  antitussive  drugs.  Antimicrobial 
agents  reviewed  do  not  include  antifun- 
gal, antiparasitic,  or  antiviral  com- 
pounds. Tuberculosis  is  mentioned 
only  in  connection  with  glucocorticoid 
administration  in  miliary  disease  or 
tuberculous  pleuritis.  In  the  arcane 
terminology  of  pharmaceutical  re- 
search, many  acronyms  are  em- 
ployed. Although  this  reduces  text 
length,  it  requires  that  the  reader  turn 
back  to  find  their  meanings:  tables  of 
abbreviations  would  be  helpful  to 
those  unfamiliar  with  these  subjects. 

This  is  an  excellent  sourcebook  on 
drugs  for  asthma,  for  uses  of  corticos- 
teroids in  lung  disease,  and  for  new 
bronchoactive  agents.  It  is  not  intend- 
ed to  be  a  textbook  on  pharmacology 
for  a  respiratory  care  curriculum. 
Drugs  and  the  Lung  will  be  a  time- 
saver  for  the  interested  reader  pursu- 
ing the  specialized  topics  within  its 
scope. 
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Pulmonary  Care  of  the  Surgical 
Patient,  edited  by  Leland  H  Han- 
owell  MD  and  Forrest  L  Junod  MD. 
Hardcover,  400  pages,  illustrated. 
Mount  Kisco  NY:  Futura,  1994. 
$65.00. 

If  the  old  adage  is  true  that  "an 
ounce  of  prevention  is  worth  a  pound 
of  cure",  then  this  is  a  welcome  book. 
Despite  the  many  recent  advances  in 
surgery,  practitioners  and  their  pa- 
tients are  still  dogged  by  the  same  old 
problems  that  contribute  significantly 
to  morbidity  and  mortality  even  with 
a  well-executed  operation.  The  inci- 
dence of  asthma  is  not  decreasing:  if 
anything,  mortality  from  asthma  is 
increasing.  Pulmonary  embolism, 
particularly  common  in  the  surgical 
population,  still  has  a  mortality  rate 
approaching  40%.  Although  many 
studies  support  the  routine  use  of  pre- 
ventive therapy,  surprisingly  few  sur- 
geons employ  prophylaxis. 

This  book  is  written  for  anyone  in- 
volved in  the  perioperative  manage- 
ment of  the  surgical  patient  and 
should  appeal  to  surgeons,  respirato- 
ry therapists,  and  intensivists  alike.  It 
is  a  small  book,  comprising  1 1  chap- 
ters. Most  chapters  are  written  by  dif- 
ferent authors,  with  contributions 
from  anesthesiologists,  pulmonolo- 
gists,  and  surgeons.  It  neither  is  nor 
claims  to  be  a  complete  definitive 
textbook  on  the  pulmonary  complica- 
tions of  surgery.  Instead,  each  chapter 
describes  in  an  isolated  fashion  a  spe- 
cific topic — asthma,  adult  respiratory 
distress  syndrome,  mechanical  venti- 
lation, antibiotics,  pain  management, 
and  pulmonary  embolism,  to  list  just 
6  of  the  chapters.  In  this  regard,  it  is 
effective  as  a  manual  or  hantlbook 


with  clearly  delineated  algorithms 
and  tables.  However,  what  will 
broaden  the  appeal  of  this  book  to  the 
thinking  practitioner  is  how  it  ex- 
haustively reviews  the  current  litera- 
ture to  give  a  well-balanced  account 
of  each  mode  of  therapy.  For  exam- 
ple, in  the  chapter  on  pulmonary  em- 
bolism, not  only  do  the  authors  de- 
scribe the  theory  behind  venography, 
impedance  plethysmography,  ra- 
diofibrinogen  leg  scanning,  and  ultra- 
sound as  methods  of  detection  for 
deep  venous  thrombosis,  but  also 
quantitate  side  effects,  shortcomings, 
and  sensitivity  and  specificity  for 
each  modality  by  review  of  recent 
studies.  This  chapter  alone  contains 
287  references,  yet  it  reads  in  a  con- 
cise and  clear  manner.  Similarly,  the 
short  chapter  on  mechanical  ventila- 
tion, in  addition  to  describing  more 
traditional  modes,  also  details  extra- 
corporeal membrane  oxygenation 
and  low-frequency  positive  pressure 
ventilation.  It  is  a  critical  description, 
with  references  to  outcome  studies. 

This  is  a  good  book.  Despite  its 
pithy  nature,  it  will  be  enjoyed  by 
anyone  interested  in  a  balanced,  sci- 
entific approach  based  on  an  unbi- 
ased review  of  recent  literature.  It  is 
not  a  didactic  book  of  do's  and 
don'ts.  It  is  concise  and  readable, 
which  makes  it  welcome  at  a  time 
when  large  tomes  seem  to  be  the 
norm.  This,  along  with  its  stout  bind- 
ing and  good  quality  paper,  seems  to 
justify  the  price. 

Philip  McArdle  MD 

Critical  Care  Fellow 

Department  of  Anesthesiology 

University  of  Virginia 

Charlottesville.  Virginia 
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Letters 


Administration  of  Air  When 
Oxygen  Was  Intended 

I  am  writing  this  letter  to  voice  my 
concern  about  an  egregious,  yet 
avoidable,  clinical  error — adminis- 
tration of  medical  air  when  oxygen  is 
intended.  In  my  institution,  the  respi- 
ratory care  department's  policy  for 
the  administration  of  small  volume 
nebulizer  treatments  recommends 
that  oxygen  be  used  as  the  source  gas 
except  with  COPD  patients  who  have 
documented  CO2  retention. 

Clinicians  can  deliver  medical  air 
to  the  patient  using  an  air  compressor 
or  an  air  flowmeter.  Air  flowmeters 
have  an  oxygen  outlet  thread  (diame- 
ter-index safety  system  |D1SS|  con- 
nection number  1240)  that  makes  it 
physically  possible  to  connect  the 
standard  small-bore  connecting-tube 
adapter  that  is  used  with  oxygen  ther- 
apy appliances  and  to  administer  a 
gas  that  is  not  intended.' 

Using  air  as  a  source  gas  poses  no 
problem  for  normoxic  patients;  how- 
ever, when  oxygen  therapy  appli- 
ances are  mistakenly  connected  to  the 
air  flowmeter,  serious  problems  can 
ensue.  Such  errors  may  include  the 
mistaken  connection  of  manual  re- 
suscitation bags  to  the  air  flowmeter 
during  cardiac  and  respiratory  anest. 
In  my  institution,  I  have  observed  this 
error  in  the  emergency  room  and  in 
other  areas  of  the  hospital,  and  it  has 
been  made  by  emergency  medical 
technicans,  nurses,  and  respiratory 
care  practitioners.  As  might  be  ex- 
pected, patients  have  consistently  ex- 
perienced oxygen  desaturation. 

My  experience  led  me  to  conduct 
an  informal  survey  of  my  peers  in 
several  Boston  teaching  hospitals. 
Without  exception,  the  respondents 
agreed  that  their  experience  was  simi- 
lar to  mine  and  claimed  frustration 
with  their  inability  to  limit  the  inad- 


vertent connection  of  oxygen  therapy 
appliances  to  air  flowmeters. 

Egan's  Fundamentals  of  Res- 
piratory Therapy'  states,  "...the 
DISS  is  used,  in  Respiratory  Care,  to 
connect  flowmeters  and  other  therapy 
devices  such  as  nebulizers,  ventila- 
tors, and  anesthesia  apparatus,  to  a 
low  pressure  gas  source."'  Therefore, 
I  propose  that  the  diameter-index 
safety  system  standards  be  enforced 
with  flowmeters.  I  ask  that  other 
practitioners  join  me  in  demanding 
that  manufacturers  produce  flowme- 
ters with  an  outlet  that  complies  with 
the  DISS  standard  and  prevents  the 
inadvertent  administration  of  medical 
air.  I  recognize  that  some  inconve- 
nience and  even  expense  will  result 
initially,  but  the  use  of  medical  air 
and  air  flowmeters  can  be  largely 
supplanted  with  the  use  of  metered- 
dose  inhalers  and  portable  air  com- 
pressors. It  will  undoubtedly  take 
some  time  before  the  devices  intend- 
ed for  use  with  air  are  fitted  with  a 
proper  air  connection — DISS  con- 
nection number  1160' — and  made 
available  for  purchase. 

I  expect  that  my  recommendation 
will  meet  with  some  resistance  from 
manufacturers,  and  perhaps  even 
practitioners,  because  even  positive 
change  is  difficult.  However,  if  all  we 
suffer  are  the  pangs  of  change,  and 
the  risk  to  our  patients  is  reduced  as  I 
have  described.  I  believe  we  shall  all 
applaud  the  effort  in  the  end. 

WilHam  R  Howard  MBA  RRT 

Director,  Respiratory  Care  Programs 

New  England  Medical  Center 

Boston,  Massachusetts 
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Piedalue  Wants  More  Answers 

about  Airway  Pressure  and 

Pulmonary  Mechanics 

In  the  August  1993  issue  of  the 
Journal,'  Dr  David  Pierson  responded 
to  my  plea  for  some  answers  related 
to  active  expiration  in  ventilated  pa- 
tients. But  somehow  my  questions 
weren't  all  answered, 

I  did  not  ask  about  the  lungs  of 
trumpet  players.  I  am  certain  they 
have  great  lungs.  Also,  I  can  person- 
ally cough  to  much  higher  pressures. 
If  all  ventilated  patients  had  normal 
homogeneous  lungs,  I  would  not 
have  posed  those  questions.  Dr 
Pierson,  how  can  you  conclude  that 
both  pressure  and  volume  change  in 
the  same  direction  in  all  alveoli  in 
ARDS? 

Regarding  resistance,  it's  obvious 
that  you  have  problems  with  two 
statements  in  my  letter.  However, 
why  is  airway  resistance  (Raw)  re- 
ported at  a  standard  flow  of  0,5  L/s  if 
flowrate  does  not  affect  resistance  as 
you  suggest?  I  would  like  to  chal- 
lenge you  to  do  two  clinical  tests. 

Do  an  easy  test.  First,  go  to  any 
ventilated  patient  and  calculate  the 
airway  resistance  using  all  reasonable 
flows  (ie.  40,  50,  60,  70,  up  to  120). 
This  might  look  better  if  you  get  the 
same  value  for  Raw-  But  you  won't! 

Second,  you  say  high  flowrates 
can  be  achieved  through  very  small 
orifices  if  the  driving  pressure  is  high 
enough.  Why  do  large  volume  nebu- 
lizer systems  only  accept  a  flowrate 
of  15  L/min?  The  driving  pressure  is 
50  psig,  but  the  flow  won't  get  any 
higher  the  more  the  flowmeter  is 
opened. 

In  return,  I  will  try  a  test  in  Denver 
(tongue-in-cheek),  I  will  suggest  that 
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our  next  ARDS  patient  play  the  trum- 
pet— and  see  what  happens. 

Fran  Piedalue  BS  RRT 

Educational  Coordinator 

University  Hospital 

Denver,  Colorado 
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Pierson  responds: 

This  is  a  follow-up  (somewhat  be- 
lated) to  Fran  Piedalue's  letter  and 
my  response  published  in  the  August 
issue  (Respir  Care  1993;38[8]:952- 
953),  and  also  to  her  second  letter, 
published  above.  My  original  re- 
sponse did  not  completely  settle  the 
issues  of  peak  airway  vs  alveolar 
pressures  during  mechanical  ventila- 
tion and  the  possible  role  of  high 
peak  expiratory  pressures  in  ventila- 
tor-related barotrauma,  and  I  was  not 
entirely  correct  in  my  statements 
about  flow  and  resistance.  For  a  more 
in-depth  discussion  of,  and  a  different 
perspective  on,  the  physiology  in- 
volved, I  consulted  Dr  Jacob  Hilde- 
brandt.  Professor  of  Physiology  and 
Biophysics  at  the  University  of 
Washington,  who  is  an  international- 
ly recognized  authority  on  pulmonary 
mechanics.  Dr  Hildebrandt  has  ex- 
plored the  issue  more  analytically 
and  more  didactically  than  I  did,  and 
has  kindly  shared  his  response  to 
Fran  Piedalue's  questions  in  the  letter 
immediately  following  this  one. 

David  J  Pierson  MD 

Medical  Director 

Respiratory  Care 

Harborview  Medical  Center 

Professor  of  Medicine 

University  of  Washington 

Seattle,  Washington 


Hildebrandt  responds: 

Piedalue's  key  question  [Respir 
Care  l993:38(8):952-953]  concerns 
the  possible  association  in  ventilated 
patients  between  pneumothorax  and 
the  resumption  of  coughing  during 
recovery.  This  association  must  be 
uncommon  but  might  occur  in  pa- 
tients with  elevated  airflow  resis- 
tance. The  mechanism  could  be  relat- 
ed to  successive  inspiratory  gasps, 
with  an  inability  to  expel  the  entire 
added  gas  volume.  The  retained  ex- 
cess volumes  then  added  to  that  sup- 
plied by  the  ventilator  could  result  in 
hyperinflation.  This  scenario  would 
implicate  lung  overdistention  as  the 
principal  etiologic  factor  in  the  asso- 
ciated pneumothorax.  But  why  neces- 
sarily not  peak  airway  or  alveolar 
pressure? 

It  is  well  understood  that  the  inlet 
pressure  (Pao)  applied  to  a  tracheal 
tube  is  not  the  same  as  alveolar  pres- 
sure (Pa)  except  when  flow  is  zero 
and  airways  are  open.  However,  the 
significance  of  Pa  itself  is  less  obvi- 
ous. In  fact,  in  order  to  make  useful 
interpretations  of  Pa,  a  knowledge  of 
the  circumstances  at  the  time  of  mea- 
surement is  required.  A  high  end-in- 
spiratory  pressure  (ie.  Pa)  of,  say,  75 
cm  HiO,  could  be  found  in  a  variety 
of  situations,  such  as:  (I)  the  lungs 
are  normal  and  the  chest  wall  is  re- 
laxed but  very  stiff,  making  pleural 
pressure  (Ppi)  very  positive  (eg,  +60 
cm  H2O);  (2)  both  the  lungs  and  chest 
wall  are  again  normal,  but  the  pres- 
sure around  the  chest  is  high  (eg, 
pressure  on  the  chest,  underwater 
breath-hold,  scuba  diving);  (3)  both 
lungs  and  chest  wall  are  normal  but 
the  expiratory  muscles  are  active  (Ppi 
again  +60  H^O)  as  in  cough  or  Val- 
salva maneuver;  (4)  the  lungs  are 
fairly  normal  but  the  abdomen  is 
turgidly  overdistended  (effectively, 
like  1 1 1  above);  (5)  the  lungs  are  very 
stiff,  leaving  Ppi  quite  normal  (eg,  +5 
cm  HiO);  (6)  the  lungs  are  fairly  nor- 
mal but  a  mispositioned  endotracheal 


tube  expands  only  one  lung — but  to  a 
dangerous  degree;  and  (7)  both  lungs 
are  grossly  and  dangerously  overdis- 
tended inside  a  normal  chest  wall. 

Of  the  foregoing  examples,  only 
in  the  last  three  would  lung  distend- 
ing pressure  (Pl),  equal  to  Pa  -  Ppi, 
become  abnormally  high,  and  thus 
present  risks  for  pneumothorax.  By 
contrast,  in  the  first  four  examples, 
structures  around  the  lungs  serve  to 
oppose  most  of  the  applied  Pa.  such 
that  Ppi  is  made  quite  positive  but  Pa- 
Ppi  is  limited  at  a  safe  level.  The  im- 
portant point  is  that  Pa  by  itself  is  not 
hazardous  to  lungs,  but  a  high  PA-Ppi 
gradient  is  to  be  avoided  if  at  all  pos- 
sible. 

Piedalue  also  raises  the  interesting 
issue  of  inhomogeneities,  and  the.se 
deserve  some  discussion.  In  general, 
only  a  large  transpulmonary  gradient 
PA-Ppi  can  bring  about  overinflation 
of  the  most  compliant  parts  of  the 
lung,  and  again  a  high  Pa  per  se  is  not 
of  consequence.  This  is  true  whether 
expiratory  flow  is  or  is  not  occurring, 
as  in  a  cough.  By  example  (3)  above, 
during  cough  the  Ppi  is  elevated 
throughout  the  chest.  However,  al- 
though some  regions  may  empty 
more  slowly  than  others,  they  can  nev- 
er become  overinllated  in  the  process. 

Nevertheless,  uneven  emptying 
does  generate  extra  internal  stresses 
including  shears  at  the  boundaries  be- 
tween regions.  In  extreme  cases,  we 
know  that  local  atelectasis  or  airway 
plugging  must  give  rise  to  extra 
stresses  around  such  collapsed  re- 
gions during  inspiration.  To  what  ex- 
tent these  'interdependence'  forces 
may  be  responsible  for  tissue  disrup- 
tion is  not  known,  but  the  possibility 
needs  to  be  considered.  We  do  know 
that  normal  subjects  breathing  oxy- 
gen at  low  functional  residual  capaci- 
ty can  develop  extensive  atelectasis, 
and  that  subsequent  deep  breaths  may 
elicit  sharp  pains,  suggesting  that 
local  tissue  tensions  from  this  mecha- 
nism may  indeed  heciime  dangerous- 
ly high. 
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Another  aspect  of  inhomogenei- 
ties  that  Piedalue  raises  is  the  possi- 
ble hazard  of  shortening  the  inspira- 
tory time  by  increasing  inspiratory 
flowrates  (and  thus  also  peak  applied 
pressure).  In  the  presence  of  very  un- 
even time  constants,  the  branches 
with  the  shortest  time  constants  fill 
first.  If  they  are  also  most  compliant, 
they  may  transiently  become  overdis- 
tended.  In  the  most  extreme  cases, 
some  regions  may  get  no  ventilation, 
as  in  example  (6)  above,  forcing  the 
remainder  into  overinflation. 

Could  inspiratory  flowrate  to  a  re- 
gion ever  be  "limited"  in  the  way  that 
expiratory  flow  limitation  commonly 
happens?  Probably  not,  for  two  rea- 
sons: (1)  even  in  turbulent  conditions 
flowrate  can  increase  when  driving 
pressure  is  raised,  and  (2)  bronchial 
transmural  pressure  during  inflow  al- 
ways distends  the  airways,  but  al- 
ways acts  to  narrow  them  on  expira- 
tion. 

I  would  also  like  to  clarify  some 
points  in  Dr  Pierson's  letter  (Respir 
Care  1993;38[8]:953).  He  used  the 
vague  term  "transalveolar"  pressure 
instead  of  one  of  the  more  established 
physiologic  terms  such  as  transpul- 
monary  pressure,  P,p  (defined  as  Pao- 
Ppi),  or  lung  recoil  pressure,  Pl  (de- 
fined as  Pa-  Ppi).  (Although  "trans- 
alveolar  pressure"  is  currently  popu- 
lar with  some  clinicians,  the  latter 
two  terms  are  clearer  and  technically 
more  accurate.)  We  note  that  at  zero 
flow  Pl  =  Ptp-  As  emphasized  above, 
it  is  Pl  that  is  of  prime  importance 
when  considering  overdistension. 

He  also  argued  that  flow  in  tubes 
(V)  was  proportional  to  driving  pres- 
sure, which  would  be  true  only  for 
lower  (Poiseuille)  flowrates;  at  high- 
er flowrates  at  which  turbulence  oc- 
curs, the  driving  pressure  becomes 
proportional  to  V-.  Accordingly,  Raw 
must  be  measured  at  some  standard 
low  flowrate,  such  as  0.5  L/s.  At 


higher  V,  the  measured  Raw  would  in- 
crease. At  maximum  expiratory  flow, 
which  develops  in  compliant  tubes  or 
airways,  the  flow  limitation  phe- 
nomenon is  seen,  wherein  V  remains 
constant  even  when  driving  pressure 
is  raised.  In  this  range.  Raw  must  vary 
directly  with  driving  pressure  (Raw  = 
[Pa  -  Pao]/V,  and  V  =  constant). 
Finally,  flow  can  become  limited 
even  in  rigid  tubes,  but  this  requires 
sonic  gas  velocities  and  never  occurs 
in  physiologic  systems  (but  could 
occur  at  a  wall  outlet  driven  by,  eg, 
50  psi,  or  about  3,400  cm  H2O). 

Finally,  with  respect  to  optimizing 
ventilator  settings,  alarms,  and  peak 
pressure  limits,  it  is  clear  that  no  hard 
and  fast  universal  rules  can  be  estab- 
lished to  suit  all  situations.  However, 
if  we  can  understand  and  agree  on  the 
principles  governing  the  mechanical 
behavior  of  the  respiratory  system 
that  apply  even  in  complex  patholog- 
ic states,  then — and  only  then — do 
we  all  stand  in  a  better  position  to 
make  better  decisions,  do  less  harm, 
and  usually  do  more  good.  Thank 
you,  Fran,  for  challenging  us. 

Jacob  Hildebrandt  PhD 

Professor  of  Physiology  & 

Biophysics 

Professor  of  Medicine 

University  of  Washington 

Health  Sciences  Center 

Seattle,  Washington 


An  Addition  to 
"Flow-Triggering  Systems" 

I  read  with  interest  Branson's  de- 
scription of  flow-triggered  ventila- 
tors, in  the  recent  Kittredge's 
Comer.'  Present-day  flow-triggering 
has  been  developed  by  the  diligent  ef- 
forts of  many,  including  the  Swedish 
engineers  who  developed  the 
Engstrom  ERICA  (mistakenly  identi- 


fied by  Branson  as  the  EDITH,  ahy- 
groscopic  condenser  humidifier,  or 
HCH). 

The  ERICA  (an  acronym  for 
Engstrom  respirator  for  intensive 
care  application),  which  arrived  in 
the  U.S.  marketplace  about  1981,  was 
flow  triggered  and  time  cycled — 
characteristics  not  shared  by  its  com- 
petitors. The  ventilator  also  incorpo- 
rated extended  mandatory  minute 
ventilation  (EMMV),  inspiratory  as- 
sist (ie,  pressure  support),  and  an  im- 
pressive list  of  monitoring  capabili- 
ties (including  airway  resistance, 
compliance,  end-tidal  CO2,  and 
Vd/Vt) — impressive  for  the  time  by 
anyone's  standards. 

Ray  Monast  RRT 

Clinical  Operations  Manager 

Windward  Health  Care 

Marlborough,  Massachusetts 
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Mr  Branson  responds: 

I  appreciate  Mr  Monast' s  com- 
ments on  the  latest  Kittredge's 
Corner.  He  is,  of  course,  correct  in 
recognizing  that  the  Engstrom  venti- 
lator is  the  ERICA  and  that  the 
EDITH  is  the  Engstrom  artificial 
nose. 

Engstrom  often  fails  to  receive 
credit  for  introducing  the  concept  of 
flow  triggering.  However,  the  flow- 
triggering  system  used  by  Engstrom 
was  different  from  those  we  de- 
scribed. In  the  ERICA,  the  expiratory 
valve  remained  closed  until  the  pa- 
tient's inspiratory  effort  created  a 
flow  of  0. 1  L/s.  Flow  was  measured 
by  a  fixed-orifice  flow  transducer, 
which  Engstrom  called  "the  Venturi 
tube."  This  means  that  the  patient's 
initial  inspiratory  effort  was  against  a 
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closed  system  until  flow  exceeded 
0.1  L/s(6L/min). 

I  have  no  frame  of  reference  for 
comparing  the  work  of  breathing  on 
the  ERICA  to  the  flow-triggering 
systems  now  in  use,  and  I  am  un- 
aware of  any  data.  I  could  speculate 
that  the  initial  effort  may  have  caused 
some  patient  discomfort.  In  any 
event.  Engstrom  did.  in  fact,  develop 
the  first  flow-triggering  system. 

Richard  D  Branson  RRT 

Assistant  Professor 

Department  of  Surgery 

University  of  Cincinnati  Medical 

Center 

Cincinnati,  Ohio 


1994 
Summer  Forum 

Join  us  (along  with  other 
respiratory  care  mana- 
gers and  program 
directors)  in  St  Peters- 
burg for  a  comprehensive 
educational  experience 
that  will  help  you  navi- 
gate your  way  through 
the  challenging  health 
care  environment. 

We  offer  the  most  current 
information  on  today's 
complex  issues. 

For  more  information 
contact  AARC 
11030  Abies  Lane 
Dallas,  TX  75229 
(214)243-2272 

The  1994  Summer  Forum  is  approved 
by  the  American  Association  lor 
Respiratory  Care  for  up  to  15  hours  of 
CRCE  credit 


Neonatal 
Respiratory 
Care  lISP 

Recognition  and 
Stabilization  of  the 
Premature  Infant 
in  Respiratory  Distress 

This  lISP  helps  you  identify  primary 
risk  factors  associated  with 
premature  birth.  Discusses  and 
explains  the  importance  of  providing 
a  neutral-thermal  environment  for 
the  premature  infant  and  the 
necessity  for  continuous  non- 
invasive oxygen  monitoring  of  the 
premature  infant  in  supplemental 
oxygen.  You  will  also  learn  to 
recognize  aberrant  blood  gases  in 
the  neonate  and  oxygen  therapy 
initiation  with  an  oxygen  hood. 
Item  NN1  $10  Ea. 
Add  $3  for  shipping  and  handling. 

Also  Available 

Theory  and  Application  of 
Neonatal  Ventilation 

By  Robert  Chatburn,  RRT.  Knob- 
turning  in  the  neonatal 
intensive  care  unit  should  be  a 
profound  activity  because  it  often 
has  profound  consequences. 
Presents  a  well-organized  and 
systemic  approach  for  managing 
mechanical  ventilation.  Discusses  the 
multiple  effects  of  ventilator 
adjustment  and  how  consideration 
of  controls  are  interrelated  with 
optimum  care.  (60  minutes  VHS) 
Item  VT25  $40  Ea.  (Members  $35) 
Add  $3  for  shipping  and  handling. 

To  Order  Call  (214)  243-2272 
or  Fax  to  (214)  484-2720 
Purchase  Order  ■  MasterCard  ■  Visa 

American  Association  for 
Respiratory  Care 

11030  Abies  Lane,  Dallas,  TX 
75229-4593 


How  You 
Can  Help 
Parlenrs 

Stop 
Smoking: 

Opporrunirigs  for 

Rgspirarorv  Carg 

Pracririongps 

The  National  Heart,  Lung, 
and  Blood  Institute  has  made 
available  "How  You  Can 
Help  Patients  Stop  Smoking: 
Opportunities  for  Respiratory 
Care  Practitioners."  This 
guide  was  developed  in 
collaboration  with  the  AARC 
and  provides  guidance  on 
talking  to  patients  about 
smoking.  Plus,  it  tells  you 
how  to  integrate  a  smoking 
intervention  program  into  a 
respiratory  care  department. 
Includes  strategies  for 
community  outreach  and 
information  on  smoking 
intervention  techniques  and 
tools. 

Single  copies  are  free  of 
charge  by 
calling  or  writing: 

The  National  Heart,  Lung, 
and  Blood  Institute 
Education  Programs 
Information  Center 
P.O.  Box  30105 
Bethesda,  MD  20824-0105 
(301)951-3260 

YOURS  FREE! 
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THE    FDA    MtDH  Al     PROOUl  TS    KHPORTINC    PKOl^KAM 


For  VOLUNTARY  reporting 

by  health  professionals  of  adverse 

events  and  product  problems 


Form  Approved  0MB  N 
FDA  Use  Only  (RESP  CARE) 


A.  Patient  information 


1    Patient  identifier 


In  confidence 


2    Age  at  time 
of  event; 


Date 
of  birth: 


3  Sex 

I     I  female 
I     I  male 


Page 


4  Weight 


B.  Adverse  event  or  product  problem 


1 ,  LJ  Adverse  event      and/or  Q  Product  problem  (e.g.,  defects/malfunctions) 


2.  Outcomes  attributed  to  adverse  event  | — . 

(check  all  tfiat  apply)  U  disability 

r-j  ^eath    n  congenital  anomaly 

I I  (mo/day/yr)  [j^  required  intervention  to  prevent 

|_J  life-ttireatening  permanent  impairment/damage 

I     I  hospitalization  -  initial  or  prolonged  LH  o'her; 


3  Date  of 
event 

(mo/day/yt) 


4  Date  of 
this  report 


5    Describe  event  or  problem 


6    Relevant  tests/laboratory  data,  including  dates 


7    Other  relevant  history,  including  preexisting  medical  conditions  (eg.  allergies, 
race,  pregnancy,  smoking  and  alcohol  use,  hepatic/renal  dysfunction,  etc.) 


r 

FDA  Form  3500  (6/93) 


Mail  to:     MEDWaTCH  or  FAX  to: 

5600  Fishers  Lane  1 -800-FDA-01 78 

Rockville,  MD  20852-9787 


C.  Suspect  medication(s) 

1    Name  (give  labeled  strength  &  mfr/labeler.  if  known) 
#1 

#2 

2    Dose,  frequency  &  route  used 

#1 

3    Therapy  dates  (if  unknown,  give  duration) 

#1 

#2 

#2 

4    Diagnosis  for  use  (indication) 

#1 

5    Event  abated  after  use 
stopped  or  dose  reduced 

#1  Dyes  Dno    ngg^Py"'' 
#2  Dyes  n  no    Dgg^Py"'' 

#2 

6,  Lot  #  (if  known) 

#1 

7.  Exp.  date  (if  known) 
#1 

8    Event  reappeared  after 
reintroduction 

#1  Dyes  Dno  n^g^Fy"'' 
#2  Dyes  Dno  ngg^Fy"'' 

#2 

#2 

9    NDC  #  (for  product  problems  only) 

10    Concomitant  medical  products  and  therapy  dates  (exclude  treatment  of  event) 

D.  Suspect  medical  device 


1    Brand  name 

2    Type  of  device 

3    Manufacturer  name  &  address 

4    Operator  of  device 

1     1  health  professional 
1     1  lay  user/patient 
1     1  other: 

5    Expiration  date 

(mo/day/yr) 

6 
model  # 

cataloQ  # 

7.   If  implanted,  give  date 

(mo/day/yr) 

serial  # 

lot# 

8    If  explanted,  give  date 

(mo/day/yr) 

other  # 

9    Device  available  for  evaluation?                (Do  not  send  to  FDA) 

1     1    yRS              n  ""             en   retiirneri  to  manufacturer  on 

(mo/day/yr) 

10    Concomitant  medical  products  and  therapy  dates  (exclude  treatment  of  event) 

E.   Reporter  (see  confidentiality  section  on  back) 


1      Name,  address  &  phone  # 


2    Health  professional? 

□   yes       □    no 


5      If  you  do  NOT  want  your  identity  disclosed  to 
the  manufacturer,  place  an  "  X  "  in  this  box.      Q] 


4    Also  reported  to 

I     I      manufacturer 
I     I      user  facility 
I     I      distributor 


Submission  of  a  report  does  not  constitute  an  admission  that  medical  personnel  or  the  product  caused  or  contributed  to  the  event. 


ADVICE  ABOUT  VOLUNTARY  REPORTING 


Report  experiences  with: 

•  medications  (drugs  or  biologies) 

•  medical  devices  (including  in-vitro  diagnostics) 

•  special  nutritional  products  (dietary 
supplements,  medical  foods,  infant  formulas) 

•  other  products  regulated  by  FDA 

Report  SERIOUS  adverse  events.  An  event 
is  serious  when  the  patient  outcome  is: 

•  deatfi 

•  life-threatening  (real  risk  of  dying) 

•  hospitalization  (initial  or  prolonged) 

•  disability  (significant,  persistent  or  permanent) 

•  congenital  anomaly 

•  required  intervention  to  prevent  permanent 
impairment  or  damage 

Report  even  if: 

•  you're  not  certain  the  product  caused  the 
event 

•  you  don't  have  all  the  details 

Report  product  problems  -  quality,  performance 
or  safety  concerns  such  as: 

•  suspected  contamination 

•  questionable  stability 

•  defective  components 

•  poor  packaging  or  labeling 


How  to  report: 

•  just  fill  in  the  sections  that  apply  to  your  report 

•  use  section  C  for  all  products  except 
medical  devices 

•  attach  additional  blank  pages  if  needed 

•  use  a  separate  form  for  each  patient 

•  report  either  to  FDA  or  the  manufacturer 
(or  both) 

Important  numbers: 


1-800-FDA-0178 
1-800-FDA-7737 
1-800-FDA-1088 

1-800-822-7967 


to  FAX  report 

to  report  by  modem 

for  more  information  or  to 

report  quality  problems 

fora  VAERSform 

for  vaccines 


If  your  report  involves  a  serious  adverse 
event  with  a  device  and  it  occurred  in  a  facility  out- 
side a  doctor's  office,  that  facility  may  be  legally  required 
to  report  to  FDA  and/or  the  manufacturer.   Please  notify 
the  person  in  that  facility  who  would  handle  such  reporting. 

Confidentiality:   The  patient's  identity  is  held  in  strict 
confidence  by  FDA  and  protected  to  the  fullest  extent  of 
the  law.  The  reporter's  identity  may  be  shared  with  the 
manufacturer  unless  requested  otherwise.   However. 
FDA  will  not  disclose  the  reporter's  identity  in  response  to 
a  request  from  the  public,  pursuant  to  the  Freedom  of 
Information  Act. 


The  public  reporting  burden  lor  this  collection  of  information 

Reports  Clearance  Officer.  PHS 

and  to: 

has  been  estimated  to  average  30  minutes  per  response. 

Hubert  H   Humphrey  Building, 

Office  of  Management  and 

including  the  lime  (or  reviewing  instructions,  searching  exist- 

Room 721 -B 

Budget 

ing  data  sources,  gathering  and  maintaining  the  data  needed. 

200  Independence  Avenue.  S  W 

Paperwork  Reduction  Proj 

and  completing  and  revievwmg  the  collection  of  information 

Washington,  DC    20201 

(0910-0230) 

Send  your  comments  regarding  this  burden  estimate  or  any 

ATTN    PRA 

Washington.  DC   20503 

other  aspect  of  this  collection  of  mformation,  including  sug- 

gestions for  reducing  this  burden  to 

Please  do  NOT 
return  this  form 
to  eitlier  of  ttiese 
addresses. 


Please  Use  Address  Provided  Below  -  Just  Fold  In  Thirds,  Tape  and  Mail 


Department  of 

Health  and  Human  Services 

Public  Health  Service 

Food  and  Drug  Administration 

Rockville.  MD  20857 


Official  Business 

Penalty  for  Private  Use  S300 


NO  POSTAGE 

NECESSARY 

IF  MAILED 

IN  THE 

UNITED  STATES 

OR  APO  FPO 


BUSINESS  REPLY  MAIL 

FIRST  CLASS  MAIL    PERMIT  NO.  946    ROCKVILLE,  MD 


POSTAGE  WILL  BE  PAID  BY  FOOD  AND  DRUG  ADMINISTRATION 


MEI^X^TCH 


The  FDA  Medical  Products  Reporting  Program 
Food  and  Drug  Administration 
5600  Fishers  Lane 
Rockville,  MD  20852-9787 


JJILnluJMlJnJJI,!, 
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Nol-for-profil  organizations  are  offered  a  free  advertisement  of  up  to  eight  lines  to  appear,  on  a  space-available  basis,  in  Calendar  of  Events  in 
RliSPIRATORY  Care,  Ads  for  other  meetings  are  priced  at  $5.50  per  line  and  require  an  insertion  order.  Deadline  is  the  20th  of  the  month  two 
months  preceding  the  month  in  which  you  wish  the  ad  to  run.  Submit  copy  and  insertion  orders  to  Calendar  of  Events,  RESPIRATORY  CARE. 
1  KUO  Abies  Lane.  Dallas  TX  75229-4593. 


Calendar 
of  Events 


AARC  &  AFFILIATES 

June  8-10  in  Round  Top,  New  York.  The  Seventh 
Annual  Managers/Educators  Rocking  Chair  Conference 
at  the  Winter  Clove  Inn  and  Conference  Center  is  spon- 
sored by  the  NJSRC.  NYSSRC,  AARC.  and  Allied 
Health  Care  Services  of  Orange  NJ.  The  conference, 
offered  to  all  respiratory  managers,  supervisors,  and  edu- 
cators, features  Sherry  Milligan,  Associate  Executive 
Director  of  the  AARC,  and  Carl  Wiezalis  of  SUNY 
Health  Science  Center.  Topics  include  national  healthcare 
reform  and  its  impact  on  healthcare  delivery,  marketing 
the  RCP,  preparing  for  on-site  inspections  from  JRCRTE 
and  JCAHO,  and  protocols.  The  registration  fee  is  $225. 
which  includes  conference  registration,  lodging  for  two 
nights,  meals,  and  gratuities.  The  same  package  with  one 
night's  lodging  is  $175.  Contact  Ken  Wyka  at  (201 )  982- 
7228  or  Joseph  Sorbello  at  (315)  464-6872. 

June  8-10  in  Checotah,  Oklahoma.  The  OSRC  presents 
its  29th  Annual  State  Seminar  and  Exhibition  at  Fountain- 
head  Resort  and  Convention  Center  on  Lake  Eufaula. 
This  year's  theme,  "The  Times — They  Are  A"  Changin'," 
addresses  anticipated  changes  in  the  healthcare  delivery 
system  and  critical  issues  for  respiratory  care.  Other  activ- 
ities include  a  Manager's  Mixer  and  the  traditional  golf 
tournament.  For  information  on  the  seminar  or  exhibits, 
contact  Karen  Hart  RRT  at  (405)  273-6442. 

June  15-17  in  St  Charles,  Illinois.  The  ISRC  presents  its 
26th  annual  state  convention  at  Pheasant  Run  Resort.  This 
year's  theme  is  "ISRC  Game  Plan:  Team  Spirit  '94"  and 
features  Sam  Giordano  MBA  RRT,  Executive  Director  of 
the  AARC,  as  the  keynote  speaker.  Mr  Giordano  speaks 
on  "Health  Care  Reform  and  the  RCP."  New  this  year  are 
breakfast  sessions  with  choices  of  four  topics:  "CLIA 
Update,"  "OSHA  Update,"  "Hospital-Based  Nicotine  In- 
tervention Program,"  and  "Reimbursement  Issues  for 
Home  Medical  Equipment  Suppliers."  The  convention 
includes  many  other  educational  topics,  an  entry  level 
review,  and  a  resort  setting  for  your  enjoyment  and  relax- 
ation. Contact  Douglas  McQueary  (312)  962-4060  or  Jane 
Reynolds  (312)  883-6535. 

July  6  in  Corpus  Christi,  Texas.  The  TSRC  will  hold  its 
24th  Annual  Convention  entitled  "Sailing  the  Seas  of 
Change."  Included  are  forums  on  management,  education, 
and  research,  a  neonatal  resuscitation  certification  pro- 
gram, and  symposiums  on  "Clinical  Data  Collection"  and 
"Respiratory  Care  Restructuring  in  Response  to  Health 
Care  Reform."  Patrick  Dunne  presents  the  Keynote 
Address.  Up  to  20  CRCE  credits  are  available  for  the  three 
full  days.  Also  planned  are  a  golf  tournament,  a  beach 
party.  Sputum  Bowl,  and  evening  dances.  Contact  the 
TSRC  Executive  Office  (214)  680-2455. 


July  15-17  in  St  Petersburg,  Florida.  The  AARC's 

Summer  Forum,  featuring  education  and  management 
programs,  is  held  at  the  Don  Cesar  Beach  Resort  in  St 
Petersburg.  For  details  refer  to  the  special  Summer  Forum 
Program  in  the  April  AARC  Times  or  call  (214)  243-2272 
or  fax  (214)  243-2720. 

July  26  AARC  Videoconference.  The  AARC,  in  con- 
junction with  VHA  Satellite  Network,  presents  the  fourth 
of  a  6-part  videoconference  series  "Professor's  Rounds  in 
Respiratory  Care."  This  presentation  is  entitled  "Arterial 
Blood  Gas  Troubleshooting:  Interpretation.  Analysis,  and 
Quality  Control"  ( 1  CRCE  credit).  For  information  call 
(214)830-0061. 

August  3-5  in  Orange  Beach,  Alabama.  The  Alabama, 
Louisiana,  and  Mississippi  Societies  for  Respiratory  Care 
introduce  their  23rd  Annual  Meeting  of  the  TriState 
Respiratory  Care  Conference  to  be  held  at  the  Perdido 
Beach  Resort.  Presentations  include  "Care  of  Surgical 
ARDS";  "The  Impact  of  Health  Care  Reform  on 
Respiratory  Therapists  and  How  to  Deal  With  It"; 
"Professionalism:  Excellence  in  Presentations  and  Media 
Skills";  and  "New  Advances  in  Ventilator  Technology." 
Participants  can  earn  up  to  10  CRCE  credit  hours.  Call 
Perdido  Beach  Resort  at  (800)  634-8001  for  reservations, 
or  call  (205)  981-981 1  in  Alabama.  Hotel  reservations 
must  be  received  by  July  2.  Contact  Rocco  Tretola  BS 
CRTT,  TriState  Respiratory  Care  Conference,  6558 
Orleans  Ave,  New  Orleans  LA  70124.  (504)  482-3530. 

August  17-19  in  Atlantic  Beach,  North  Carolina.  The 
NCSRC  hosts  its  16th  Annual  Symposium,  "Clinical 
Technology:  Accessing  Our  Future,"  at  the  Sheraton 
Resort.  Contact  Beverly  Dukes  (704)  342-6795  or  Debby 
Harlan  (704)  379-5889. 

September  13  AARC  Videoconference.  The  AARC.  in 

conjunction  with  VHA  Satellite  Network,  presents  the 
fifth  of  a  6-part  videoconference  series  titled  "Professor's 
Rounds  in  Respiratory  Care."  The  fifth  presentation  is 
entitled  "Hospital  Operational  Restructuring  and 
Respiratory  Care"  ( 1  CRCE  credit).  For  information  call 
(214)830-0061. 

September  22-23  in  Napa,  California.  Chapter  10  of  the 
CSRC.  the  American  Lung  Association  of  the  Redwood 
Empire,  and  the  Respiratory  Therapy  Program  at  Napa 
Valley  College  present  the  12th  Annual  Napa  Valley 
Conference,  "Current  Concepts  in  Cardiopulmonary 
Care."  Topics  include  synchronized  ventilation  in 
neonates,  endoscopic  thoracic  surgery  for  pulmonary 
patients,  noninvasive  ventilation  in  the  acute  care  setting, 
waveform  analysis,  home  care  ventilation,  gammaglobu- 
lin infusion  for  steroid-dependent  asthma,  medical 
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chronobiology,  and  therapist-driven  protocols.  Contact 
Kate  Benscoter  at  (707)  253-3145. 

Sept  29-Oct  2  in  London,  Ontario,  Canada.  The 

Respiratory  Therapy  Society  of  Ontario  (RTSO)  pre- 
sents its  22nd  Annual  Education  Forum  at  the  Radisson 
Hotel.  Contact  the  RTSO  Head  Office,  122  Cumberland 
St.  Suite  200,  Toronto,  Ontario,  Canada  M5R  1 A6.  (800) 
267-2687. 

OTHER  MEETINGS 

June  8-10  in  Beaumont,  Texas.  St  Elizabeth  Hospital 
sponsors  its  5th  Annual  Camp  Huff-n-Puff,  an  asthma 
camp  designed  for  children  ages  7-14.  The  theme  is 
"Asthma,  Self  Management."  Classes  are  taught  by  reg- 
istered respiratory  therapists,  with  physicians  as  guest 
speakers.  Fun  activities  are  included.  The  camp  is  held  at 
the  East  Texas  Christian  Center  in  Lumberton,  Texas. 
Contact  Kim  Clanahan,  Camp  Coordinator,  RC  Dept,  St 
Elizabeth  Hospital  (409)  899-7065. 

June  10-12  in  Memphis,  Tennessee.  St  Joseph  Hospital 
and  Health  Centers  presents  its  14th  Annual  Respiratory 
Care  Symposium,  a  program  designed  to  prepare  candi- 
dates for  the  CRTT  exam.  Contact  Konnye  Warren  or 
Dot  Younginer.  St  Joseph  Hospital,  220  Overton, 
Memphis  TN  38105.  (901)  577-2780. 

June  21  in  Atlanta,  Georgia.  The  Department  of 
Cardiopulmonary  Care  Sciences  at  Georgia  State 
University  (GSU)  features  Louise  Nett  RN  RRT  in  a  one- 


day  workshop  entitled  "How  to  Help  the  Patient  Stop 
Smoking:  A  Role  for  the  Health  Professional."  Topics 
include  "Who  smokes  and  why";  "Motivating  Smokers 
to  Quit";  "Evaluating  and  Treating  Nicotine  Depen- 
dency"; and  "Preventing  Relapse."  Contact  Lynda 
Thomas-Goodfellow  MBA  RRT  (404)  651-1498,  or 
write  to  the  Department  of  Cardiopulmonary  Care 
Sciences  at  GSU,  University  Plaza,  Atlanta  GA  30303- 
3083. 

August  31-September  3  in  Christchurch,  New  Zea- 
land. The  Third  Congress  of  the  Asia  Pacific  Association 
for  Respiratory  Care  presents  "Breathing  into  2001,"  at 
the  Christchurch  Town  Hall,  Christchurch,  New 
Zealand.  Contact  Stephanie  K  Humphries,  The  Planit 
Group  Limited,  Event  Organizers,  201  Cambridge 
Terrace,  Christchurch,  New  Zealand.  (643)  366-5955, 
fax  (643)  366-5944. 

March  12-15, 1995  in  Denver,  Colorado.  The  AARC 

and  the  National  Jewish  Center  for  Immunology  and 
Respiratory  Medicine  announce  the  5th  International 
Conference  on  Pulmonary  Rehabilitation  and  Home 
Ventilation  at  the  Hyatt  Regency  Hotel.  Postgraduate 
workshops  on  pulmonary  rehabilitation,  home  ventilator 
care,  sleep  disorders,  smoking  cessation,  and  transtra- 
cheal oxygen  are  offered  before  and  after  the  conference. 
The  deadline  for  receipt  of  abstracts  for  poster/oral  pre- 
sentations on  original  research  and  clinical  observations 
is  November  1 ,  1994.  Contact  the  National  Jewish  Office 
of  Professional  Education  at  (303)  398-1000. 


Neonatal  Respiratory  Care  IISP 


Recognition  and  Stabilization  of  the  Premature  Infant  in  Respiratory  Distress 
This  IISP  helps  you  identify  primary  risk  factors  associated  with  premature  birth.  It  discus.ses  and  explains  the  importance 

of  providing  a  neutral-thermal  environment  for  the  premature  infant  and  the  necessity  for  continuous  non-invasive 

oxygen  monitoring  of  the  premature  infant  in  supplemental  oxygen.  You  will  also  learn  to  recognize  aberrant  blood  gases 

in  the  neonate  and  oxygen  therapy  initiation  with  an  oxygen  hood. 

Item  NNl  $10  Ea.  Add  $3  for  shipping  and  handling 

Also  Available 

Theory  and  Application  of  Neonatal  Ventilation 

By  Robert  Chatburn.  RRT. 

Knob-tuming  in  the  neonatal  intensive  care  unit  should  be  a  profound  activity  because  it  often  has  profound  consequences.  This  IISP  presents  a  well-organized 

and  systemic  approach  for  managing  mechanical  ventilation.  It  discusses  the  tnultiple  effects  of  ventilator  adjustment  and  how  consideration  of  controls  are 

interrelated  with  optimum  c;ire. 
Item  VT:.";  $40  Ea.  (Members  $.^5).  Add  $.''  for  shipping  and  handling.  (60  minutes  VHS) 

To  Order  Call  (214)  243-2272  or  Fax  to  (214)  484-2720  (Purchase  Order  •  MasterCard  •  Visa) 

American  Association  for  Respiratory  Care,  1 1030  Abies  Lane,  Dallas,  TX  75229-4593 

Texas  customers  only,  please  add  8W%  sales  tax  (including  shipping  charges).  Texas  customers  that  are  exempt  from  sales  tax  must  allach  an  exemption  certificate. 


676 


RESPIRATORY  CARE  •  JUNE  '94  Vol  39  No  6 


Notices  of  competitions,  scholarships,  fellowships,  examination  dates,  new  educutionul  programs,  and  the  like  will  be  listed  here  free  of 
charge.  Items  for  the  Notices  section  must  reach  the  Journal  60  days  before  the  desired  month  of  publication  (January  1  for  the  March  issue, 
February  1  for  the  April  issue,  etc).  Include  all  pertinent  information  and  mail  notices  to  RESPIRATORY  CARE  Notices  Dept.  1 1030  Abies 
Lane.  Dallas  TX  75229-4593. 


Notices 


The  American  Respiratory  Care  Foundation  Awards  for  1994 

Allen  &  Hanbury  Literary  Awards 

$2,000  for  the  best  original  paper  (study,  evaluation,  or  case  report)  accepted  for  publication  from  December  1993  through  October  1994. 
This  award  is  not  limited  to  papers  based  on  Open  Forum  presentations. 

Four  awards  of  $1,000  each  for  papers  accepted  for  publication  from  November  1993  through  October  1994  based  on  any  OPEN  FORUM 
presentation  (not  limited  to  1993  OPEN  FORUM). 

Five  awards  of  $500  each  for  the  best  papers  submitted  (not  necessarily  published)  by  1994  OPEN  FoRUM  participants  who  have  'never 
published"  in  the  Journal.  The  never-published  first  author  must  present  the  abstract  at  the  Annual  Meeting  and  must  submit  a  paper  based 
on  the  abstract  before  the  1994  Annual  Meeting  (received  in  the  Editorial  Office  by  November  1,  1994).  Co-authors  may  have  previously 
published  in  Respiratory  Care. 

Dr  Allen  DeVilbiss  Literary  Award 

$2,000  cash  plus  travel  expenses  to  the  AARC  Annual  Meeting  to  receive  the  award — for  the  best  paper  published  from  November  1993 
through  October  1994  that  addresses  new  technology  or  a  new  application  of  current  technology  in  respiratory  care. 

Radiometer  America  Literary  Awards 

Three  awards  of  $333  each  are  to  be  awarded  to  the  authors  of  the  three  best  features  from  Test  Your  Radiologic  Skill,  Blood  Gas  Corner, 
Kittredge's  Comer,  and  PFT  Comer  accepted  for  publication  from  November  1993  through  October  1994.  All  three  (or  none)  of  the  fea- 
tures may  be  chosen  from  a  specific  category  (eg,  all  three  may  be  chosen  from  Blood  Gas  Comer). 

Annual  Meeting  Registration  Reimbursement 

As  in  the  past,  any  1994  Open  Forum  presenter  (or  co-author  designee)  will  receive  complimentary  registration  for  an  adequately  prepared 
paper  based  on  his  1994  Open  Forum  abstract,  submitted  prior  to  or  at  the  1994  Annual  Meeting.  (If  submitted  on-site  and  accepted  for  re- 
view, convention  registration  will  be  reimbursed.) 

All  awards  will  be  made  at  the  1994  Annual  Meeting.  Papers  are  judged  automatically.  No  application  is  necessary. 


THE  NATIONAL  BOARD  FOR  RESPIRATORY  CARE— 1994  Examination  and  Fee  Schedule 

Examination 

Application 

Written  Registry  Only — new  applicant: 

$  90.00 

Date 

Deadline 

Written  Registry  Only — reapplicant: 
Clinical  Simulation  Only — new  &  reapplicant 

$  60.00 
$100.00 

CRTT: 

July  16 
November  12 

May  1 
September  1 

Entry  Level  CPFT — new  applicant: 
Entry  Level  CPFT — reapplicant: 
Advanced  RPFT — new  applicant: 

$100.00 
$  80.00 
$150.00 

RRT: 

June  4 
December  3 

February  1 
August  1 

Advanced  RPFT — reapplicant: 

Active 

$130.00 
Inactive 

CPFT: 

June  4 

April  1 

CRTT  Recredentialing: 
RRT  Recredentialing: 

$25.00 

$  60.00 

RPFT: 

December  3 

September  1 

Written  Registry  Examination 
Clinical  Simulation  Examination 

$25.00 
$65.00 

$  60.00 
$100.00 

Fee  Schedule 

CPFT  Recredentialing: 

$25.00 

$  80.00 

Entry  Level  CRTT- 

-new  applicant; 

$190.00 

RPFT  Recredentialing: 

$25.00 

$130.00 

Entry  Level  CRTT- 

-reapplicant: 

$160.00 

P/P  Specialty  Credentialing: 

$25.00 

$130.00 

RRT  Written  and  Clinical  Simulation- 

Membership  Renewal: 

new  applicant: 

$190.00 

CRTT/RRT/CPFT/RPFT 

$  12.00 

8310  Neiman  Road 

•  Lenexa, 

Kansas  66214  •  (913)  599-4200 
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IISPs... 

Individual  Independent  Study 
Packages  Assist  Practitioners 
In  Expanding  Their  Respiratory 
Care  Knowledge 


Neonatal 

Recognition  and 
Stabilization  of  the 
Premature  Infant  in 
Respiratory  Distress 

.'    ,     This  IISP  helps  you 
'-'. —      identifr  priman' risk  factors 
associated  with  premature  birth. 
Discusses  and  explains  the 
importance  of  providing  a  neutral- 
thermal  environment  for  the 
premature  infant  and  the  necessit}- 
of  continuous  noninvasive  oxygen 
monitoring  ot  the  premature  infant 
on  supplemental  oxygen.  You  will 
also  learn  to  recognize  aberrant 
blood  gases  in  the  neonate  and 
oxygen  therapv  initiation  with  an 
oxygen  hood. 
Item  NN1    $10  each 


Clinical  Science 

Updated! 
Transpulmonary 
Pressure  Changes  in 
Breathing 

Distusscs  the  pulmonary  pressures 
and  how  they  vary  during  normal 
breathing  and  in  special  situations. 
Instructs  on  barometric,  alveolar, 
intrapleural,  transpulmonary,  chest 
wall,  and  transthoracic  pulmonary 
pressures. 

Item  CSS  $10  each 

Updated! 
Lung  Mechanics 

Assists  you  in  understanding  the 
pulmonary  characteristics  ot 
compliance  and  resistance,  how 
these  characteristics  can  change, 
and  their  influence  on  nicch.mici! 
ventilator  pcrlormance. 
Item  CS6  $10  each 


Updated! 

Practical  Application  of 

Cas  Laws 

A  common-sense  approach  to  the 
gas  laws  and  how  to  apply  them  to 
respiratory  care.  Defines  the  laws  ot 
Boyle,  Charles,  Gay-Lussac, 
Dalton,  Graham,  and  Henry. 

Item  CS7  $10  each 

Tonicity  of  Solutions 
and  the  Respiratory 
Tract 

Gives  you  an  understanding  ot 
how  to  predict  the  effects  ot 
therapeutic  solutions  on  the 
respirator)'  tract  and  how  to  utilize 
them  in  the  treatment  ot  various 
respirator)'  tract  pathologies. 

Item  CSS  $6  each 

Updated! 

Carbon  Monoxide 

Inhalation: 

Introduction  to 

Physiologic  Effects  and 

Respiratory 

Management 

Explains  the  effects  of  carbon 
monoxide  inhalation  on  oxygen 
transport  mechanisms  in  the  body 
and  the  use  of  CO  in  physiologic 
tests  of  pulmonary  function.  Also 
covers  recognition  signs  and 
symptoms,  treatment  of  CO 
poisoning,  and  the  equipment  used 
to  administer  therap)-. 

Item  CS9   $10  each 

Electrical  Safety  in 
Respiratory  Therapy  I: 
Basic  Electrical 
Circuitry 

Kn.iblcs  you  in  relate  the  Ixisic 
principles  of  electrical  theory  to 
commonly  used  equipment  and 
procedures  in  the  clinical 


with  an  understanding  of 
electrical  safety  in  respirato 
care. 

Item  CS12  $6  each 


Electrical  Safety  in 
Respiratory  Therapy  11: 
identification  of 
Electrical  Hazards 

Helps  you  identifT,'  and,  where 
possible,  minimize  or  eliminate 
common  electrical  hazards.  Teaches 
dit}erentiation  between  electrical 
hazards  and  which  patients  and 
hospital  personnel  are  exposed. 

Item  CS13  $6  each 

Bronchodilators  i: 
Sympathomimetic 
Amines 

Understand  the  results  of 
stimulating  the  autonomic  nen'ous 
system  and  the  use  of 
sympathomimetic  drugs  to 
accomplish  bronchodilation. 
Exposes  you  to  basic  aspects  of 
adrenergic  bronchodilators  and  the 
patient  situations  for  which  they 
are  indicated. 

ItemCSM  $10  each 

Updated! 

Bronchodilators  11: 
Anti-Cholinergics  and 
Xanthines 

Identifies  the  three  categories  ot 
drugs  which  promote 
bronchodilation  and  the 
mechanism  of  action  for  each. 
This  package  also  provides 
examples  of  drugs  in  each  category. 
Clinical  situations  are  presented 
with  methods  ot  bronchodilaton 
and  rationale  tor  methodsselected. 

ItemCSIS  $10  each 

Calculation  and 
Preparation  of 
Respiratory 
Medications 

Teaches  you  how  to  calculate  and 
prepare  percentage  solutions,  ration 
solutions,  solutions  prepared  from 
solutes  less  than  100  percent  in 
strength,  and  how  to  prepare 
dosages  trom  powdered  drugs. 
ltemCS16  $10  each 


Microbiology  for 
Respiratory  Therapy: 
A  Review  of  Microbial 
Growth  and  Cross- 
Contamination 

Provides  an  overview  ot 
microbiology  in  respiratory  care, 
including  groups  and 
characteristics  of  microbes, 
requirements  for  microbial  growth, 
cross-contamination,  and 
prevention  of  transmission. 

ltemCS17  $9  each 


Classification  of 
Mechanical  Ventilators  I 

Outlines  the  basic  concepts  ot 
ventilator  classification  and  a 
mathematical  model  of  the 
respiratory  system  that  provides  the 
basis  for  classit^'ing  ventilator 
control  systems.  Also  teaches  the 
specific  criteria  for  determining 
whether  a  ventilator  primarily 
controls  pressure,  \'olume,  or 
flow. 

ItemCSIS  $10  each 

Classification  of 
Mechanical  Ventilators  II 

You  will  learn  detailed  information 
about  the  control  of  ventilation  in 
terms  of  switching  trom  inspiration 
to  expiration.  You  will  also  be 
introduced  to  the  common  drive 
mechanisms  used  in  various 
mechanical  devices. 

ltemCS19  $10  each 


Classification 
of  Mechanical 
Ventilators  III 

Explores  the  output  waveforms  that 
ventilators  produce  and  their 
clinical  implications.  Instructs  in 
the  various  modes  of  ventilation  in 
terms  of  the  specific  combinations 
of  control  characteristics  along  with 
ventilator  performance  testing  and 
the  practical  application  ot 
ventilator  classification. 

Item  CS20  $10  each 

Ventilation  /  Perfusion 
Relationships  in  Health 
and  Disease 

Covers  the  difterent  degrees  ot 
hypoxia  commonly  encountered  in 


Choose  any  of  the  33  IISPs, 
or  order  the  entire  set  and 

Save  10"" 


off  the  individual  prices. 
ItemCPIO   $261.90 


To  order,  contact:  AARC,  11030  Abies  Ln.,  Dallas,  TX  75229-4593,  (214)  243-2272,  Fax  (214)  484-2720 


Learn  how  to  compute  and  record 
static  compliance  curves  and 
dynamic  characteristics.  And  learn 
the  procedure  of  obtaining 
pressure-volume  measurements  and 
interpret  the  compliance 
characteristics  measurements. 


patients  with  pulmonary  disease. 
Focuses  on  ventilation /perfusion 
abnormalities,  which  account  for 
much  of  the  severe  hypoxia  in 
COPD,  with  alveolar 
hypoventilation  also  a  contributing 
factor. 

ltemCS21    $10  each 


Patient 
Evaluation 

Pulmonary  Function 

Assessment  I: 

Basic  Screening  Studies 

Understand  simple  spirometry 
results,  the  definition  of  obstructive 
and  restrictive  pulmonary 
disorders,  and  the  basic  patholog}' 
involved  in  each.  Covers  the  four 
reasons  for  simple  spirometry  tests, 
the  common  parameters  of  lung 
function,  and  the  results  that  are 
indicative  of  obstructive  and 

:ive  pulmonary  disorders. 


Item  PE3  $8  each 

Pulmonary  Function 
Assessment  II:  Bedside 
Studies 

Familiarizes  you  with  the  use  and 
interpretation  of  bedside 
pulmonary  function  tests.  Learn 
how  pulmonar)'  function  test 
results  are  used  to  assess  ventilatory 
ability  and  which  tests  are 
commonly  used.  Also,  learn  the 
measuring  instrument  required  for 
each  test,  how  it  is  performed,  and 
what  is  significant  about  the  results. 

Item  PE4  $7  each 

Pulmonary  Function 
Assessment  ill:  Lung 
Volume  Determination 
and  Closing  Volume 
Studies 

Assists  in  the  recall  of  the  eight 
subdivisions  of  total  lune  volume 


and  their  individual  characteristics 
in  health  and  disease.  Discusses  the 
measurement  of  lung  volume  by 
nitrogen  washout,  helium  dilution, 
and  closing  volume  techniques. 
Item  PES   $6  each 

Body  Plethysmography 

Explains  the  theory  of  body 
plethysmography  and  its  use  in  the 
measurement  of  FRC  and  airway 
resistance.  Defines  and  describes 
Boyle's  Law,  thoracic  volume, 
airway  resistance  and  its  normal 
values,  and  the  measurement  of 
airway  resistance. 

Item  PE6  $9  each 

Sources  of  Error  in  the 
Determination  of  Blood 
Cas  Values  and  pH 

Familiarizes  you  with  the  errors  that 
may  occur  in  the  analysis  ot  blood 
gases  and  pH.  These  are  often  the 
most  important  laboratory  data 
used  in  the  diagnosis  and  treatment 
of  pulmonary  disease,  and  errors  in 
these  values  can  result  in  deleterious 
effects  on  patient  care. 

Item  PE7  $10  each 

Temperature 
Adjustment  of  Blood 
Cases  and  pH 

Teaches  you  the  effects  of 
abnormal  body  temperature  on 
blood  gas  and  pH  values.  Blood  gas 
values  and  pH  are  determined  at 
37  degrees  Celsius,  and  this 
package  teaches  you  how  to  adjust 
these  values. 

Item  PES  $10  each 

Measurement  of  Static 
Compliances  and 
Dynamic 

Characteristics  Curves 
During  Mechanical 
Ventilation 


Item  PE9  $7  each 

Updated!  Arterial  Blood 
Cas  Interpretation 

Teaches  you  ABG  interpretation  in 
order  that  the  prescribed  therapy 
can  be  administered  in  a 
knowledgeable  manner.  Describes 
a  systematic  method  that  allows 
you  to  correctly  classify  the 
acid/base  dysfunction  and  to  relate 
the  diagnosis  concisely  and 
coherently. 

Item  PEIO  $10  each 

Clinical  Practice 

Chest  Tubes  and 
Pleural  Drainage 

Helps  you  understand  the  purpose 
ot  pleural  drainage,  how  it  might 
affect  the  patient's  respiratory 
status,  and  what  precautions  you 
must  take  when  working  with 
patients  who  are  receiving  pleural 
drainage. 

Item  CP3  $10  each 

Tracheal  Intubation  I: 
Upper  Airway  Anatomy 
and  Coals  of  Intubation 

After  completing  this  llSP,  you 
will  understand  the  rationale  for 
tracheal  intubation  and  be  able  to 
identify  the  important  landmarks 
ot  upper  airway  anatomy. 

Item  CP4  $6  each 

Tracheal  Intubation  II: 
Routes  of  Intubation 

Describes  the  tour  routes  of 
tracheal  intubation  and  some 
advantages  and  hazards  of  each. 
Also  presents  the  process  for 
selecting  the  most  suitable  route  in 
a  given  situation. 

Item  CP5  $6  each 

Tracheal  Intubation  III: 
Equipment  Procedures 
for  Intubation 

Covers  the  selection  of  the  proper 
equipment  necessary  to  perform 
endotracheal  intubation  and  to 
ensure  that  they  are  in  working 
order. 

Item  CP6  $8  each 

Respiratory 
Management  of 
Neuromuscular  Crisis 


Teaches  respiratory  management  of 
patients  with  ventilatory  failure 
caused  by  a  neuromuscular 
disorder.  Provides  a  basic 
understanding  of  how 
neuromuscular  conditions  lead  to 
ventilatory  insufficienc)'  and  the 
considerations  to  be  taken  when 
working  with  these  patients. 
Item  CP7  $7  each 

Respiratory 
Management  of  Flail 
Chest 

This  study  package  helps  you 
increase  your  understanding  of  the 
pathophysiology  of  flail  chest  and 
the  respiratory  management  of 
patients  who  have  sustained  chest 
wall  trauma  that  results  in  a  flail 
chest. 

ItemCPS  $10  each 

Updated! 
Respiratory 
Management 
of  Head  Trauma 

Teaches  identification  ot  the  five 
physical  signs  indicative  of  head 
trauma  and  explains  the 
development  of  respiratory  failure 
secondary  to  trauma.  Also 
discusses  airway  management,  drug 
therapy,  ventilator  parameters, 
acid-base  status,  and  measures  to 
be  taken  to  maintain  the 
appropriate  pH,  P^co,  and  Pao,- 

Item  CP9  $10  each 


Nicotine  Dependency 
Evaluation  and 
Treatment 

Helps  you  understand  the 
physiologic  effects  of  nicotine  and 
the  tests  and  questions  used  to 
evaluate  dependency.  Provides  an 
understanding  of  nicotine,  its 
effects  on  brain  chemistry,  its 
measurement  in  bodily  fluids,  and 
value  of  self-tests  to  determine 
addiction  level.  Also  teaches  about 
nicotine  replacement  and  how  to 
enhance  it  with  behavioral 
counseling. 

Item  SCI    $10  each 


Bedside  Counseling  of 
the  Hospitalized 
Smoker 

Prepares  you  for  the  role  oi  a 
smoking  cessation  counselor  to 
hospital  inpatients  by  teaching 
assessment  and  bedside  counseling. 
Help  patients  cope  with  nicotine 
withdrawal,  increase  motivation  for 
permanent  cessation,  and 
understand  the  factors  contributing 
to  relapse. 
Item  SC2  $10  each 


To  order,  contact:  AARC,  11030  Abies  Ln.,  Dallas,  TX  75229-4593,  (214)  243-2272,  Fax  (214)  484-2720 
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6  U  Skilled  Nursing  Facility 

7  Q  Home  Care  Practice 
8.  _J  School 

H.  Department 

A  J  Respiratory  Therapy 
B  J  Cardiopulmonary 
C  J  Anesthesia  Service 
D  J  Emergency  Depl. 

III.  Specialty 

1  J  Clinical  Practice 

2  J  Perinatal  Pediatrics 
3.  J  Critical  Care 

J  Clinical  Research 

J  Pulmonary  Function  Lab 

_l  Home  Care/Rehab 

7  J  Education 

8  J  Management 

IV.  Position 

A  J  Depl  Head 
B  _)  Chiel  Therapist 
C.-l  Supervisor 
D  J  Staff  Technician 
E  J  Slat)  Therapist 
F  J  Educator 
G  J  Medical  Director 
H.J  Anesthesiologist 
I    J  PulmonologisI 
J  J  Other  MD 


1.  Type  o(  Instn/Practtce 

1   J  Hosp  i  500  or  more  beds 

2.  _l  Hosp  300  to  499  beds 

3  a  Hosp  200  to  299  beds 

4  U  Hosp  1 00  lo  199  beds 

5  J  Hosp  <100  or  less  beds 

6  U  Skilled  Nursing  Facility 

7  J  Home  Care  Practice 

8  J  School 

II.  Department 

A  J  Respiratory  Therapy 
B.J  Cardiopulmonary 
C  J  Anesthesia  Service 
D  J  Emergency  Dept 

III.  Specialty 

1  LI  Clinical  Practice 

2  J  Perinatal  Pediatrics 

3  J  Cntical  Care 

4  J  Clinical  Research 

5  LI  Pulmonary  Function  Lab 

6  J  Home  Care/Rehab 

7  J  Education 

8  J  Management 

IV.  Position 

A  _l  Depl  Head 
8  J  Chief  Therapist 
C  J  Supervisor 
D.J  Start  Technician 
E  J  Staff  Therapist 
F  J  Educator 
G  -J  Medical  Director 
H  J  Anesthesiologist 
I    J  Pulmonologist 
J  J  Other  MD 
K  J  Nurse 


^ 


Information  Requests  or 
Change  of  Address 


Please  complete  the  card  below 

AARC  Membersliip  No.    

Old  Address 

Name  

Street  


City/State/Zip 

New  Address 

Street  


City/State/Zip 


Checl<  the  boxes  below 
for  information  from  the 
AARC 

□  Change  of  address 

□  AARC  Membership 
Info 

□  AARC  Catalog 

□  AARC  Position 
Statement 


BUSINESS  REPLY  MAIL 

FIRST-CLASS  MAIL    PERMIT  NO.  604    RIVERTON,  NJ 


POSTAGE  WILL  BE  PAID  BY  ADDRESSEE 

AARC  PUBLICATIONS 
POBOX  1856 
RIVERTON  NJ  08077-9456 


NO  POSTAGE 

NECESSARY 

IF  MAILED 

IN  THE 

UNITED  STATES 


Use  thes 
cards  to 


I...U.il...l...ll...ll.l...i..l.l.l..ll...l..ll 


BUSINESS  REPLY  MAIL 

FIRST-CLASS  MAIL    PERMIT  NO.  604    RIVERTON,  NJ 


POSTAGE  WILL  BE  PAID  BY  ADDRESSEE 

AARC  PUBLICATIONS 
POBOX  1856 
RIVERTON  NJ  08077-9456 


NO  POSTAGE 

NECESSARY 

IF  MAILED 

IN  THE 

UNITED  STATES 


issue. 


Return  Address 


l.ll...l...ll...il.l...l..l.l.l..ll...l..ll 


Place 
Stamp 
Here 


AMERICAN  ASSOCIATION  FOR 
RESPIRATORY  CARE 
11030  ABLESLN 
DALLAS  TX  75229-4593 


lln.l.l.l...l.l..l.ll.l...lMl.l.l.l.i....ll..l..ll 


CPAP 


Always 

A  Step  Ahead! 

Evita  makes  work  of  breathing 
even  easier! 


0.5  t(s) 


Occlusion-pressure 


10  1 ■ 

0  1 

Intrinsic  PEEP 


Now  Drager  provides  you  with  two  more 
powerful  tools  to  optimize  weaning  of  your 
patients. 

introducing  Flowtrigger  without  increase  of 
expiratory  resistance,  combined  with  P01 
measurement  to  determine  the  patients 
ventilatory  drive. 

To  extend  monitoring  capabilities  Evita  now 
includes  the  ability  to  measure  Intrinsic 
Peep  with  the  display  of  Trapped  Volume. 

With  Drager  you  can  stay  one  step  ahead  in 
providing  safe,  patient  friendly  ventilation. 
For  the  difference  your  patients  can  feel, 
choose... 

Drager:  Technology  for  Life 


Drager 

Technology  for  life 

4101  Pleasant  Valley  Road     Suite  100     Chantilly.  VA  22021 
Tel  (703)  817-0100     Fax  (703)  817-0101 

Circle  101  on  reader  service  card 


RESPIRADYNE^n 

PLUS 
PULMONARY   FUNCTION/VENTILATION  MONITOR 
L^Graphic  Printouts... Multi-Patient  Memory.. .and  Easy  to  Use 

Results-Oriented  Features  At  Cost  Effective  Prices 

■   New  Graphic  Forced  Vital  Capacity  (FVC)  document  printout  of  Flow  vs  Volume  and 
Volume  vs  Time  ■  New  10  patient  memory  with  8  pre-bronchodilator  and  8  post- 
bronchodiiator  tests  per  patient  and  automatic  calculation  of  %  change  ■  New  customizing 
software  package  ■  New  Slow  Vital  Capacity  (SVC)  monitoring  ■  Automatic  determination 
of  "best  test'    ■  Knudson,  ITS  and  ECCS  reference  nomograms  ■   Easy  to  operate 


Performs  A  Complete  Range  Of  Ttest  Measurements 

Forced  Exhalation  Parameters 

■  Forced  Vital  Capacity  (FVC)  ■  Forced  Expiratory  Volume  in  One  Second  (FEV) 

■  FEVi  / FVC  Ratio  ■  FVC  Time  ■  Peak  Flow  ■  Forced  Expiratory  Flow  Between  25% 
and  75%  of  Vital  Capacity  IFEF  2;.75.J  ■   Percent  Extrapolated  Volume  (Vol.  „tra%) 

Weaning/ Extubation  Parameters 

■  Respiratory  Rate  (RR)  ■  Tidal  Volume  (TV|  ■  Minute  Volume  (MV)  ■  Slow  Vital 
Capacity  (SVCl  ■  Maximum  Voluntary  Ventilation  (MVV)  ■   Negative  Inspiratory 
Force  (NIF) 


For  further  information,  call: 


I  800  325  7472  (outside  Missouri) 

^^Sheriuood 

Circle  134  on  reader  service  card 


1-800-392-7318  (in  Missouri) 


